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I. INTRODUCTION 



A. Problem , Typically, the elementary school program Includes 
Insf-ructlon In several subject areas, e.g., reading and language 
arts, arithmetic, science, social studies, art» music. Blackwood's 
study ( 6 ) has Indicated that science Instruction In elementary 
Svchools: 1) commands 10% or less of the pupils' time In school, 

2) Is presented by a classroom teacher with little or no help from 
a science consultant, 3) depends heavily upon one or more textbooks 
for science content, and 4) Is taught to groups of 35 or more pupils 
by a teacher who Is responsible for teaching several subjects, al- 
though In large shcool districts some groups may be taught by a 
special science teacher. During the past three decades, little em- 
pirical evidence has been collected to Identify the specific science 
concepts or generalisations which elementary school children would 
be able to understand If given competent and efficient Instruction 
under the restrictions of limited time, available personnel, and 
material resources which typify elementary school, science programs 
throughout the nation. 

Without this Information, It has been very difficult for elem- 
entary school curriculum groups to organise an adequate program In 
science. Many school districts have simply adopted a science text* 
Iiook series for all grades. The publisher's scope and sequence 
chart has become a fundamental element In the science programs of 
those districts. In some cases, the plan of Instruction provided 
In the scope and sequence chart may be modified by the school and 
teacher to provide for a study of local science phenomena. For 
those districts, the official curriculum guide Is a blend of all 
of the Ideas In the publisher's scope and sequence chart with pro- 
visions for study of local science phenomena. 

Unfortunately, It has been a practice of some publishers of 
elementary school science textbooks to build their scope and sequence 
charts by selecting those topics which are common to the curriculum 
guides of school districts throughout the nation. In this way ^he 
publishing company has planned to have a textbook which It could 
sell to school districts throughout the nation. 

This circularity provides an li.5dequate foundation for an 
excellent science program for elementary school pupils. It seems 
obvious to the writer that something should be done to break this 
cycle, and provide reliable Information for adequate curriculum 
decisions. There Is a continuing need for several normative studies 
to determine which concepts In the physical and biological sciences 
can be understood by elementary school pupils. This evidence should 
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be founded upon what elementary achool children could leara 
result of competent and efficient instruction under existing circum- 
stances. e.g., using available teachers, texts, apparatus. The col- 
lection of evidence should follow accepted sampling procedures in 
order that the results of the normative studies 
lealtlmately to larger populations of elementary school ^pils. 

This infomltion shLld be reported in a form which CMld oe readily 
used by curriculum planning groups throughout the nation. 

It is important to note that these normative studies w~ld 
merely provide one block of evidence fo guide the organisation o 
the elementary school science curriculum. The norms should n^ 
be considered absolute standards. On the contrary, they shwld 
serve as a set of "bench marks" to guide the curriculum decisions 
and as an aid in the appraisal of the accomplishments of proposed 
innovations in science instruction. The present study ‘ttempted 
to provide one small segment in the block of evidence which is 

needed # 



Be Oblectives . This investigation was undertaken to accom- 
plish the following specific objectives: 



1) Identify several valid and significant generalisations 
about electricity, heat energy, and simple machines which form the 
content of three units of instruction for pupils in the intermed- 
iate grades. 



2) Construct achievement test items to provide estimates of 
pupils* understarding of each of these generalisations. 

3) Present the three units of instruction to randomly selected 
classes of pupils in the Metropolitan Detroit area. 



4) Use item analyses of each unit achievement test to deter- 
mine the per cent of pupils who understood each generalisation 
before instruction and after instruction. 



5) Arrange the per cent correct responses to 
ity estimates that other pupils will understand a specific i,ener 

sat ion. 



6) Document the accuracy of these probability estimate* by 
providing estimates of their probable error. 

7) Publish these probability statement* in a form which would 
be readily usable by curriculum planning groups throughout the 

nation. 

8) Use a computer program and the empirically derived 












probability tatlmatta to makt tantatlva curriculum rtcommtndatlona 
for the claasaa In achoola participating In thla study. 

C. Rnvlew of Significant Llteratura . In this section of the 
report, the writer has Identified some of the salient elements which 
appear to be directly related to this study. Perforce, this must be 
a superficial summary, but the report’s list of references Identifies 
sources of more Information about any one of the major elements re- 
ported In this review. 

At least three major components should be Identified to help 
the reader Interpret the Intent, the effort, and the products of 
this study. These 'three main segments are: 1) the contributions or 
other science educators and government agencies to science education 
during the past decades, 2) the use of language In the classroom, 
and 3) the meaning and interpretation of the term "probability* . 

In the following remarks, the researcher has attempted to explain 
his Impressions of these major segments and the extent to which 
they have influenced his efforts In this project. They have been 
discussed In the order mentioned above. 

1. Contributions of Science Educators 
and Government Programs 

It seems that the major impetus for directing and formulating 
objectives for science Instruction In the elementary schools has 
been provided by at least three agents. Specifically, they may 
be Identified as: a) science educators and their publications, b) 
agencies and legislation of the federal government, c) the theoreti- 
cal and experimental work of certain prominent psychologists and other 
academicians. Frequently, the efforts of these agents have overlap- 
ped. Sometimes they have been coordinated, and often they have 
appeared to work In opposition to one another. 

a. Influence of Science Educators . One may distinguish at 
least two” groups of science educators. In one group there Is the 
basic research scientist who has ordinarily studied Intensively In 
a science discipline as an undergraduate student and as a graduate 
student. The basic research scientist ordinarily teaches his 
specialty at a university or conducts research In his special field 
and he laas rarely conducted prolonged study of ways to Improve in- 
struction of his science specialty In the elementary schools and 
the secondary schools. 

In the second category, the science educationist has ordinari- 
ly studied deeply in one or more science disciplines as an under- 
graduate student and/or graduate student but his research and teach- 
ing have been directed primarily toward Improving the science Instruc- 
tion in elementary schools or secondary schools. Although these 
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not niutuaHy •xcluiivo claifOf of tho group* "scltnco oducatora"* 
fha dlftinction ia clearly made by the National Science Foundation 
ex') ) and otheri (90 ). 

Herbert Smith (76 ) haa aummarized the hiatorical background 
and major contributlona of acience educatlonlata who attempted to es- 
tabllah and direct acience instruction in the elementary and aecond- 
ary achoola of the United States* 

It seems that Craig’s work ( 18) during 1927-1934 marked the 
entrance of science into the elementary school program and publica- 
tion of the first science textbook for elementary schools* The 
products of Craig's work and thought seemed to dominate the elemen- 
tary school program during the following two decades* This period 
of 1934 through 1954 was punctuated by the studies of Haupt ( 28 ) , 
Hill (30), Read (63), and other science educationists, who attempt- 
ed to explicate the role of science in the elementary school* During 
this period, educational research in science and other curriculum 
areas was crude and not " scademically respectable*" Many of these 
scholars relied upon the sporadic efforts of graduate students to 
explore certain persistent problems: 

What science content should be taught? 

When shall it be taught? 

What procedures yield optimum success In science education? 

What practices in science education occur in the schools? 

When and where can "the scientific method": or "problem sol- 

ving"be taught? 

To a large extent, these identical questions or very similar ones 
are being posed by contemporary science educators* They have not 
been answered by persuasive evidence* They continue to be foci 
of research and apprehension* 

During 1952 there was an attempt by McCarthy to discover the 
mental age when certain concepts about machines could be taught ( 45)* 
Similar studies for heat, atomic energy, sound, and light were 
conducted by Starrett (79), Reid (64), Nelson (51), and Smith 
(72), In large measure , these research efforts have been isolated 
and have had a trivial impact upon the science programs of elemen- 
tary schools throughout the nation* On the other hand, the leading 
science educationists (17,23,8,68)havc relied primarily upon the 
science textbook to communicate theit ideas about science to teachers 
and to children in elementary schools of the nation* As Blackwood 
( 6 ) has indicated, the science textbook is the omnipresent in- 
fluence in the school systems which he surveyed* 

The basic research scientist emerged as the major force to 
influence elementary school science curricula during the decade of 
1957-1967* This ascendancy occurred in large measure through the 
financial support of the National Science Foundation (37)* 
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b. Influenc# of Federal Govemiaent . The federal goveuiiiBent 
haa exerted a tremendous influence upon the direction and impliroen- 
tation of science instruction in the schools of the nation. When 
the National Science Foundation ( 50 ) was created in 1950, its 
institute programs began to exert a major influence on the high 
school science teachers early in 1954. Subsequently, the major 
curriculum programs in elementary and secondary school science, 
i,c., PSSC, BSCS, ESS, AAAS, SCIS, USIP, and Minnemath, have emerged 
to give additional impetus by providing curriculum materials and 
consultant services to many elementary schools' science programs. 

( 50 ). 



In the elementary schools, the major thrust of these new prog- 
rams has been toward the development of instructional materials and 
procedures to cultivate the "discovery" or "process" goals of science 
( 37 ) . These projects have generally relied upon a combined effort 
of basic research scientists and classroom teachers to develop 
their units of instruction. Although these materials have been 
produced in considerable quantities and distributed widely through- 
out the nation, reports of their contributions to improve the 
quality of science instruction in representative elementary schools 
have been sparce and often casual ( 21 ) • 

Recently* the science educationist has been participating more 
actively in the federally supported programs than he has in the past. 
Perhaps one of the most promising artifacts of this collaboration 
of science educationists, reseanch scientists, and school personnel, 
was the National Science Teachers Association document Theory Into 
Action (84). This document provided the axioms of the conceptual 
schemes and the science processes which may be expanded into curri- 
culum materials for instruction within the nation's elementary 
schools. It apparently represented a concensus of research scientists 
science educationists and school personnel upon the salient goals 
of science education (K-12). One of the major architects of this 
document has initiated a research project to attempt to impliment 
the ideas expressed in the NSTA document (lb ). 

The National Defense Education Act must receive major credit 
for supplying the schools with apparatus and materials which would 
support the quality of science instruction advocated by most of the 
recently conceived programs in science education (88 ). 

The impact of the Elementary and Secondary Education Act of 
1965 ( 53) will undoubtedly be far reaching, although it is too 
soon to estimate which of its components will be predominant. 

Title III of ESEA provided funds and encouragement for innovations 
in all curriculum areas, including science education. O'tecan only 
speculate upon the extent to which this call for improvement will 
be heeded . 
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C« Influtnct of Pavchologiitt and Othtr Acmd«mlg<iii . Bruntr 
•unmarlstd the probltrai, hopfit, and int«nt of tht batic raaaarch 
icientiata and othtr acadcmiciana following their 1958 meeting 
at the Woodahole Conference ( 9 ). He aaaertcd; 

”We make the bold hypotheaia that any aubject can be taught to 
any child at any atage of hia development in aome effective and in- 
tellectually honest form." 

Thia statement opened the door to the vast array of content goals 
and process goals which have been accumulating in the physical and 
biological sciences for generations. Programs flourished. In the 
ensuing decade, elementary school children have received instruction 
in mathematical logic under the direction of Suppes (81 ), in inquiry 
skills advocated by Suchman (80 ), in advanced principles of astron- 
omy recommended by Atkin ( 2 ), and through a science program which 
emphasised processes of science developed by AAAS Commission on 
Science Education (43 ). 

There has been a dearth of published criticism to this combined 
effort of prominent research scientists and psychologists who were 
amply supported by federal funds. Ausebel ( 3 ) remonstrated that 
the discovery approach to teaching science could not achieve all 
the goals of science education and that it was essential to provide 
meaningful and systematic instruction of concepts. Herbert Smith 
(75 ) criticized the vested interests which were developing as a 
consequence of the NSF Institute Programs, Gary Smith ( 73) 

rejected "Bruner's Hypothesis" as a hypothesis and chided Suppes (70) 
for over generalizing the results of his work in teaching logic to 
fifth and sixth grade pupils. However, these critical remarks have 
not substantially influenced the direction of this exploratory work 
in studying children's science concepts or their understanding of 
the process of science. 

On the other hand, the research and conclusions of Piaget 
(59,32)^ have been accumulating supporting evidence and adherents 
since his initial studies of children's language, circa 1929. This 
cumulative support has generated for Piaget's views a renaissance 
of interest in the United States (60 ). His evidence and arguements 
in support of developmental stages in the cognitive growth of child- 
ren have caused several leaders in the national curriculum groups 
in science education to reconsider their goals and procedures (6o )• 
Among other things, Piaget has raised questions about the conserva- 
tion of the meaning of concepts and the age level at which proposi- 
tional logic emerges. If a child's intellectual impression of a 
physical object does not remain "invariant" from one moment to the 
next, as Piaget has contended is the case for children in the pre- 
operational state, then there is a basis for questioning the merit 
of instructional programs which devote time and resources toward 
helping the pupil "discover" the abstract concept of an object. 
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s*Mr«l r«Blic*flon» of Piaget: '» work have been conducted In the 
toiMd s”?ea and In Western Europe (22 ) • Although there are cm- 
fllct inf report a of the precise age levels when a particular deve- 
l«a a?age occur, in any child, the by 

to Mpport the ordered sequence of stages in congition speclflea y 

Piaget . 

CaRen has stated that the basic point of disagreement 
separates some American psychologists from accepting ® 

of children’s cognitive development is Piaget s assumption that t 
loaical structures of cognition are independent of language 
iSen one c^^Uers that Piaget's supporting evidence i« c^slstently 
drawn from Interviews with children, the researcher shar s t 
givings alluded to by Cagen* 

Although some of the leaders of the national curriculum pro- 
lects appear to be responding favorably to the influence of Piaget s 
research^(60 ), there does not seem to be a grand design c^rging 
from any single national curriculum group or combination of currlcu- 
frgj^p^e This is a syntheses which may be achieved in the decades 

ahead . 

Some psychologists have been exploring an information process- 
ing model of concept formation. Miller (^9 ) has auggeste f^f 
there is a finite number of bits of information which an individual 
X be able to bring into some relationship, when “P"* 

the information processing capabilities of the mind, rather th 
the written coding of information. 

In support of this, McLaughlin, (47 ) in the Northampton 
College of Advanced Technology in London, has proposed that a psyc o- 
5«lc" m^y be incorporated into Piaget's view. That is. he sug^st- 
ed^that a child's capacity to hold certain "concepts" in his memory 
may limit the extent to which the child can process Infor^tlon and 
thwefore impose, a limit on the level of at various age 

levels. As the child grows older his capacity to hold « 
number of "chuncks"of information: is increased. McUughlin s ex 
perimental work in support of this ha. been 

trough the use of norms of digit span tests conducted by Wechsler 
in 1949 and 1955. He expressed the viewpoint *5 “*i**'m 
concepts and/or generalisations which an 

assimilate would be directly related to the ^mber of separate con 
cepts which he might be able to process intellectually at a given 

period of time. 

Hunt ( 31) bas pursued this line of research vigorwsly by 
utilltzing data processing equipment to build matrices of ® 
synfcols which he describes as a "Concept Learning System. This 
s^ms to be a cybernetic model of concept which is ^ 

related to the philosophy of Wiener ( 94) «nd Ashby ( i ) . In 
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cducMion. rt*r« ar* »«v«r»l person* sdvocating this approach (70. 

At U«r™r*clence educator has described a cybernetic model (52 ) 
to b« used in science education. 

Smith (71 ) reported a computer program which ww Id make cur- 
riculum recLaendations in terms of a pre- conceived 

has also sueaested that a "mapping" of pupils comprehension of 
certain topics Ly be facilitated through the use of symbolic logic 
and computer analysis of the response patterns to multiple choice 
test 3*tlon* (69 ). The present study represented an effort to 
collect reliable evidence. Which might serve as input to the model* 
described by Smith* 

2. Use of Language in the Classroom 

a. Semantics of Classroom Langu^. Weaver (91 ) 
critical of textbooks and their explanations of concepts and general 
iiations taken from the physical sciences. He has contended that 
these statements in certain elementary school textbooks have been 
confusing and erroneous, 

Ruchlis (65 ) has taken exception to Weaver's remarks 
that it is inappropriate to say that there is simply one scientific 
meaning for a term or expression, and to ignore the large 
other Lanings for the same word or statement which occurs in the 
daily language use of non- scientists. Ruchlis asserted that “ 

tic difficulties of communicating with children in a language which 
is meaningful to them as opposed to a language which 
concensus among physical scientists is at the heart of the problem 
and the disagreement between himself and Weaver. 

Iona ( 35) has entered into a similar dispute in the literature 
With a classroom teacher, Ulrich, Iona was very critical of the 
statements of science principles and generalizations in 
written by Chinnis (13 ) and by Ulrich (86 ). Iona objected to the 
poor wording and the erroneous statements of science principles, 
and he rejects oversimplification of these principles 
ok what he considers to be erroneous statements which may lead to 
persistent misunderstanding. 

In his reply to Iona, Ulrich (87 ) has acknowledged the need 
for valid criticism of generalisations and concepts as they have 

been stated in the past. He invited Iona to mTtch 

and energy to prepare such a series of statements, and then Hlrich 
argued that it was intellectually honest to state science principles 
in a language which uses si^^le terms in order to establish meaning- 
ful communication with children in the teaching- learning situation. 

It seems that at least two scholars concerned with language 
and coemunicatlon would tend to support the view that “ 

a very imprecise means of communicating ideas. Hayakawa (29 ) 
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^ak•I the position that we live In e semantic Jungle In ^Ich we 
Ire Involved In a never-ending task of Interpreting the b^ge of 
words flung at us from teachers, salesmen, public officials, a^ the 
"...cries of the hawkers of soft drinks, soap chips, and laxatives 
who pursue us Into our homes..." Hayakowa states that It Is a false 
Idea to anticipate that any single word can have a single meaning. 

This, In turn, directly Implies that a single generalisation or 
principle composed of single words cannot have a single meaning. 

Cherry ( 12) concurs with the view that everyday language Is a 
fragile vehicle for expressing one's Ideas. He takes the position 
that there are not enough words to express the subtleties of wery 
thought. In point of fact. Cherry believes that lanpage is kept 
alive by coranon usage, by the "vulgar" and by a few thMSand words 
which seem to be the limit of the vocabulary of most Engllsh-speak- 

Ing people. 

It is the view of the researcher that the language used by the 
teacher In the experimental classrooms and In the classro^ through- 
out the nation Is a very imprecise vehicle for communicating any of 
the ideas considered principles or fenerallsatlons of “ 

his view, mathematics and logic are two exact languages. have 

even argued that mathematics Is simply a well developed *>Mnch of 
logic (38 ), but that dispute does not concern us here. The main 
consideration Is that the language used in the elementary 
classrooms to teach scleace or any topic can only approximte the 
precision of mathematics and logic. The use of language In present- 
ing the units of instruction in this research project and the langu- 
age used In evaluating pupils' understanding of those ^ 

generalizations was necessarily imprecise. It represented 
to teach a set of Ideas as effectively as possible thr^gh adniteedly 
crude medium of communication.. On the other hand. It Is the research- 
er's contention that the plan of Instruction, the materials, <••*« 
teacher's presentation provided science Instruction whose quality 
was as good or better than the science Instruction conducted In 
other randomly, selected classes In Metropolitan Detroit. 

The problem Is compounded whta one considers that the lan^age 
of the classroom is often meaningless or unintelligible to pupils 
from low socio-economic comnunlttes . This Is the view of Bernstein 
( 5 ) and others. The Ineeructlon used in this research cannot 
escape the problem of imprecise language which must _ 

occur when any classroom teacher meets with a group of children for 
the purpose of helping build meaningful ideas about som topic. 

The scope of this dilemma is discussed in greater detail in Appen- 
dix 6, 

I 

b. Meaning of Perception . Concept . ^ Generalisation, Rus- 
sell ( 66) hss discussed various definitions and relationships 
among the terms "perception", "concept", end "generalisation. He 
has lndicat«d that "percepts" or "perceptions" are sensory impressions 
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iihlch are recorded via a ^ gee an object 

ing, touching, tasting. ^ later* his mother says: "That’s a 

with four legs. A few )lloTdld a percept of the 

dog.” The child * of hearing has also recorded 

object with }®® ‘ consider the two sensory impres- 

a percept. A child an oversimplification of the 

::af pro«r.‘‘\hl fn^r re^tion of ^percept ion" ha. 

rerred^y °re”r;searchlr in the present study. 

X„ regard to S' ^-Tir" 

cepts as related in considered by the researcher to be 

between two or more per pt .-,-ole. a child may see a furry 

an instance of a ’ hU mother lay: "That’s a dog." 

object with four legs. ^ tea percept of the object with 

The child's sense of •^8*'*^. i,o recorded several other 

TS^-chUa-y ^“e.e sensory impres- 

8 ions or percepts related. 

j ..A 4 -hink of nwo or more percepts as 

When a person ^ “harperceived relationship is 

related in some way, g^ * u , a child may see and 

considered to be a concept • hears the object make a 

feel a furry object ^^gLg" 'that’s a dog." The child's 

sharp barking sound. recorded these sensory 

senses of sight, touch, an -_j,_a»ed these percepts to form a 
impressions and '‘‘•® ®„ ^ child has more experiences, 

thought or concept of do^ ,i,h tte ..«« dog or other 

J;‘g;; TiH^of^-d;;” i—ase in complexity and 

utefuln<^^ss« 

A personas concepts ^ hiav be very complex 

frrs;r!;t:’e!s!: e«r*^! Tto^! deSoiracy, electron, molecule. 

Obviously, we do not P*^®*®”* ‘®*eref ore^ 
the "thbught" or "concept" in **** “ "^ pupils' overt behavior as 
the resesrcher ^^'^'^"tesr^sts’to s From this 

TZZ.ZZZ *>>® --ifirinsr 

of the concepts or generalizations in t f h 

The researcher subscribes to Gagne's view (24) ® P'^"' 

ciple^o: re-auLtion is ® 

«hin bet-ween two or more concepts. Tnc. J-®*™ Tin 
coisiS ^ he a synonym for the^term "principle". 






For example, the statement, "The dog runs fast." is considered 
a ’'generalisation." The statement includes the noun concept "dog", 
the verb concept "runs" and the adverbial concept "fast". The 
statement will communicate meaningful information to a person if 
he has established a set of related percepts for each concept in 
the statement. Generalisations may be very simple as in the pre- 
ceding example. On the other hand, they may be very complex, e.g., 
for all real numbers, atb=b-i>a. All matter is composed of atoms. 

3. Meaning of the Term ’’Probability" 

The historical development of probability has been described 
briefly by King and Read (40 ) and its various rules and applications 
were discussed in popular volume by Weaver (92 ). The prominent 
philosopher, Carnap, has devoted considerable theoretical resealrch 
to explicating the meaning of this term ( 11 ). In substance, Carnap 
believes that there are two distinctly different concepts of proba- 
bility. One concept, Probability (1), refers to the extent to 
which some hypothesis "h" is confirmed by available evidence "e". 

This evidence is evaluated in terms of semantic data and not in 
terms of empirical data. The truth value of statements or hypotheses 
within this category is determined by logical analysis and these 
statements are Probability (1) true without regard to events in 
the real world. 

Probability (2) is considered by Carnap to refer to the relative 
frequency of some property or event occuring with respect to the 
entire set of events which might possibly occur. This is the most 
thoroughly developed of the two concepts. The truth value of hypo- 
theses or statements in this category are determined by factual or 
empirical evidence. 

Carnap has devoted a substantial portion of his scholarly life 
and published research to distinguishing among these two concepts 
and the kinds of events to which they ms.^ je legitimately be applied. 
Indeed, Carnap has devoted considerable effort to defining the axioms 
which may be utilized to build an inductive logic where Probability 
(1) would have primary responsibility and would function in a 
manner compatible with the considerable empirical work which has 
buttressed Probability (2). 

The mathematician and philosopher, Kemeny ( 38), has agreed 
that there is little debate that Probability (2), as defined by 
Carnap, is well established in the literature of mathematics and 
science as "The Theory of Probability". However, when Probability 
(1) enters for consideration, Kemeny says that there are at least 
"two and one-half schools of thought" about the appropriate means 
of analyzing evidence to arrive at the truth value for Probability 
(1) statements. Some scholars believe that relative frequencies 
may be used, others believe that these probability statements are 
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not amenable to exact mathematical analysis, and Carnap 

list of another group which has attempted to create a mathematical 

system for Probability (!)• 

In a separate discussion of probability, Papoulis <54 ) dis- 
cussed the relationship of the theoretical models 
and the physical phenomena to which they may be applied by scien- 
tists and engineerso He distinguished four definitions of the 
condept "probability”: D the relative frequency definition of 
probability based upon a tvaall number of axioms, 2) the relative 
frequency definition based upon a posteriori evidence, 3) the | 
priori definition as a ratio of favorable events to total 

and 4) probability may be defined as a measure of belie • 

Papoulis argued that the axiomatic definition was to be pre- 
ferred in the instructional program of potential scientists and 
engineers although the a posteriori relative frequency concept of 
probability and even the classical concept of probability ^ve play- 
ed major roles in aiding engineers in applying the theoretical 
models of probability. For Papoulis, the concept of probability 
as a measure of belief is frequently used in dally activities, but 
he believes that "...this for-, of probability has no place in the 
development of an exact theory #" 

It seems reasonable to conclude that there are various points 
of view regarding the meaning of the term "probability . Therefore, 
it is appropriate to comment briefly on the use of the concept or 
probability in this study. In collecting data, analysing it, and 
reporting estimates of "probable success" in understanding som of 
the generalisations, the researcher has been concerned primarily 
with the number of correct responses of pupils to a givea test item 
in relatioidship to the total number of possible correct responses 
which might have been made by all pupils to that particular item. 
This is essentially the a nos ter or i relative frequency 
(Probability (2)). Moreover, the confidence belts specified in 
Appendix D of this report indicated clearly that the researcher 
believed that it was possible to estimate the level of confidence 
or the degree of belief in each of the proportions which have been 
cited. These estimates of confidence in the proportions have been 
established upon the work of Pearson (58 ) as well as that of Tate 
and Clelland (®5 ), 



However, when one begins to utilize these proportions and the 
confidence belts, it seems to the researcher that the model ©£ in- 
ductive reasoning described by Carnap (ll ) takes on considerable 
relevance. This model for inductive reasoning is very valuable in 
the judgement of. the researcher. For example, someone may assert: 
"Sixth grade pupils can understand the generalization: All matter 

is composed of atoms." It is obvious that one can find som "sixth 
grade pupils" who cannot understand that generalization before or 
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i£cev%*nst ruction. Ono can alao find other ''•Ixth grade puplla" 
nho will underatand the generallcatlon f afore or after 
Therefore, the statement does not comminlcate unequivocal Information 
vhlch can be used to arrive at aome decision about sixth grade pupils 
and their success In understanding the generalisations. In tM view ^ 
of the researcher, this Is a uselejis statement. It is an equivocation. 



The researcher takes the position that a meaningful state^nt 
would be''Reld's study Indicated that the probability is fwr ctonces 
In ten that sixth grade pu|ills will understand the generalisation: 

•All matter Is composed of atoms.” A more explicit and meaningful 
statement coold have been made by actually referring to the particu- 
lar study, to the particular sample upon which the statement was 
based, and to the population to whom this statement was applied. 

This approach Is very similar . If not Identical, to Carnap s concept of 
of "degree of confirmation.” 



Undoubtedly, the literature of science education has not 
achieved this degree of specificity. For this reason, a large 
body of this literature and a corresponding volume of spol^en messages 
at professional meetings are meaningless messages for this researcher. 
This Is an acknowledged deficiency on the part of the researcher. 
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II. method of study 

1. Sampling Procedure 

The population for this study included all 
.i«h"^graL%upll. in the SftX-i ro:.ldrr:d‘;o 

i“clS5rX%?ty*of’l)l^“oi; and all echocl dl.tricts which touched 
the city limits of Detroit. 

The samoling plan was a stratified, two- stage, random sample. 

... tk. «.trin. n. .t 

srr.::k'S^:r "wS".: 

which cLtained fourth, fifth, or sixth grade pupils. 

A. selection of SasEle from D|troit. ^ su^ey caplet ed prior 

to this study indicated that approximately 507. ? 

in the Detroit puhlic schools were Caucasian and abwt 507. were 

«i1nt“de5lSat the sample should represent this distribution. 
mre?ornach school was classified according to one of the 

following catagories; 

1) pupil population is 907. Caucasian 

I Si SiHiH s s “S: r.r.-s;rs:£^r' 

-.KSS m;.z. 

nu^crs for each of the four categories mentioned above. 

Starting with the first school selected in each of the above 

S3 bt “>•«:: :s.Kn.:v.s.S':rs.s; 

SS::”b'r,xs:“a-;sJuv.rr;.s.:n.‘i:' 

a similar fashion. 
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Figure 1 LARGE RISGS IHDICATE DETROIT SCHOOLS PARTICIPATIHC IH STOEfT 

(Source: '‘Racial Distribution of Teachers and Pupils in Detroit 

Ptiblic Schools The Detroit Hews . March 11 , 1962 , p. 12 ) 
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The eemt rendora ■eopllng procedure was followed in selecfclng 
schools and cooperating teachers in Detroit for each of the four 
categories of racially distributed pupil populations. It is 
important to note that after the purposes, procedures, and respon- 
sibilities were explained to the teacher, each teacher was free 
to accept or reject participation in the study. As a matter of 
fact all the teachers in the Detroit schools agreed to participate 
in the study after it was explained to them. In one situation, 
the teacher agreed to participate in the study but was transferred 
to another school in September, 1965. Therefore, there was not 
a representative school from category four, i.e., schools having 
mixed pupil population with Negro pupils predominant. 

Figure 1 illustrates racial composition of the Detroit Public 
Schools in February, 1961, and large rings indicate the Detroit 
Schools which participated in the study. Since there were nine 
districts in the Detroit public schools, the sampling fraction 
with respect to districts was 5/9. The sampling fraction for schools 
having 90% Caucasion students was 2/94. The sampling fraction 
for Detroit schools having 90% Negro students was 2/66. The 
sampling fraction for Detroit schools having mixed Caucasian and 
Negro student population was 1/35. 

B. Selection of Sample from Suburbs . As Metropolitan Detroit 
was defined in this study, there were 18 suburban school districts. 
The relative sixes and locations of these suburban school districts 
are shown in Figure 2. The writer was not able to collect infor- 
mation regarding racial distribution in these districts. However, 
it was presumed that the pupils were primarily Caucasian. 

The number of pupils in each district varied from 2240 pupils 
in one district to 21,710 pupils in another district (48), The 
sampling plan was structured to permit those districts with large 
school populations to have an increased probability of selection 
over schools with a small pupil population. Each of the school 
districts was assigned a two-digit number from 1 to 18. Every 
school district with 5000 or more pupils received one extra two- 
digit number which was equal to or less than 36. For 10,000 pupils, 
two extra two-digit numbers were assigned. For 15,000 pupils, 
three extra two-digit numbers were assigned. For 20,000 pupils, 
four extra two-digit numbers were assigned. Since Dearborn was 
the largest suburban school district in the population, it had a 
total of five chances in 36 to be selected. Harper Woods with 
2240 pupils had one chance in 36 to be selected. 

A table of random numbers was used to select one school dis- 
trict. The Lincoln Park School District was selected and the 
Southfield Public School District was selected. These two districts 
represented the suburban school districts in Metropolitan Detroit. 
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FlBure 2 lOCATIOHS OF PUBLIC SCHOOL DISTRICTS 
in METROPOLITAN DETROIT 




Legend : 

A. Detroit 

B. Highland Park 

C. Hamtramck 

D. Dearborn 

E. Dearborn Heights 

F. Bedford 



G« Southfield 

H. Oak Park 

I. Royal Oak 

J. Ferndale 

K. Hazel Park 

L. Warren 



M. East Detroit 

N. Harper Woods 

O. Grosse Polnte 

P. River Rouge 

Q. Ecorse 

R. Lincoln Park 

S. Melvlndale 



★Schools participating in study are Indicated by numerals 
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Following the pattern used to select the Detroit sample, a similar 
procedure was followed In explaining the project to the superinten- 
dent, curriculum coordinator, principals and teachers In each sub- 
urban district* If the district administrator, principal, and teachers 
were Interested in participating In the project, then two schools 
were selected from the district by a table of random numbers. Fourth, 
fifth, and sixth grade pupils In those schools were used in the 
study If the following conditions were met: 1) the teachers were 

willing to participate In the study, 2) the principal considered 
the teachers to be competent to teach science* If one of these 
conditions was not met, another school was to be selected at random. 

Two schools were selected in Lincoln Pairk to participate in the 
study, but personnel changes were made in September, 1965, which 
made It Impossible for teachers In one of the Lincoln Park schools 
to participate in the study* Two of the Southfield public schools 
participated In the study. 

Figure 2 lndlca^es the suburban schools which participated In 
the study. The sampling fraction for the suburban school districts 
was 2/18. In the two school districts ^here were 28 schools. 

Therefore the sampling fraction of schools within the two districts 
was 3/28. The sampling fraction for schools In the suburban por- 
tion of Metropolitan Detroit was 3/172. 

C. Removal of Subjects from Snudv . The sampling plan provided 
chat pupils might be removed from the sample for reasonable cause. 

If a pupil missed more than three class periods of instruction, 
then his test scores for that unit of instruction were not Included 
In the analysis of the data collected for the study. It was felt 
that the pupil may not have had a fair opportunity to study and 
understand the content of instruction. A biased measurement for 
those pupils would merely Introduce additional error variance into 
the analysis of the data. 

If a pupil was known by the teacher to have handicaps of hear- 
ing, sight, or serious emotional problems which would handicap the 
child In participating In the units of Instruction, then that 
pupil's test scores were not Included in the analysis of the data. 

In no case was a child removed from a classroom. It was the re- 
searcher's practice to score the handicapped pupil's answer sheet 
like any other child's answer sheet and return the scores to the 
teacher. However, the pupil's scores were not Included in the 
analysis of the test data. 

2. Units of Instruction 

A, Selection of Genera llxat Ions . A sequence of generaliza- 
tions for electricity, heat energy, and simple machines was Identi- 
fied. An examination of the literature of science education was 
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ludc in ord.r to s«l«ct g€n«r«Us«tlont which ranged from thote con- 
eldered to be appropriate for pupile In elementary school to those 
cenerallzatlons considered appropriate for students attending junior 
high school. Several textbooks served as the pritmty source for 
thLe statements (4.7.23.36,55,5^57). The face that ® 

Included in one of these major science textbooks prwlded an Initial 
piece of evidence to support the velldlty and significance of the 
Statement for Inclusion in the unit of Instruction. 

Next, the researcher examined two college physics textbooks 
(25,93), to determine if each statement was explicitly state or 
clearly implied in the college textbook. Presence of the statement 
in either college textbook was considered to constitute another 
piece of evidence to support the validity and significance of the 

statement . 

The statements of these generalizations were presented to a 
university physicist, a science supervisor, and a science teacher. 

The consultants were asked to accept or reject these statements as 
valid and significant statements of ideas in physics. The statement 
of instructions to these consultants is presented in Appendix F. 

After the consultants had reviewed the statements, the researcher 
met with each one in a personal conference to clarify his under- 
standing of the consultants* remarks. The researcher imsst accept 
full responsibility for any inaccuracies which might appear in 
any statement of generalizations or other parts of this study. 

In order for a generalization to be included in the instructional 
plan, it had to satisfy all three of the following condlticns: 

1) Generalization was explicitly stated in one or more text- 
books intended for pupils in elementary school or Junior high school. 

2) Generallza^lon was explicitly stated or directly implied in 
fhe college physics book by White (93 ) or the college physics book 

by Gamow and Cleveland (25 ), i 4 

3) Generalization was judged to be valid and significant general 

zatlon by at least two of the following consultants: university 

physicist, science supervisor, science teacher. 

B. Plan of Instruction . A unit of instruction was organized 
for each of the topics included in this study, e.g., simple ^chines, 
electrical energy, heat energy. It required approximately 18 to 
20 class periods of instruction. A copy of each unit of instruc- 
tion is shown in Appendix I of this report. The units provided that 
three ftO five generalizations would be taught during each inst^c- 
tional period of approxlmatly 45 minutes duration. The unit plan 
provided for introduction of new words, a textbook to be read 
silently and aloud in class, questions to guide class discussions, 
drawings for the chalkboard, and activities or demonstrations to 
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1 - ^4 «. 4 Am»» A kit* of apparatus was included for 

illustirate the major 1 e . ^ provided the necessary materials 

ction (See Appendix I). 

Durine the 1964-1965 school year, the researcher taught a 

claw of fifth “1" ^°estt^s?anrXr aspects of 

vities, apparatus, titi^ Jue'insiehts gained from this pilot class 

2."S :* r.sn« » ™ 

experimental classes. 

*11 In the study met with the investigator in a per- 

All teachers in the stuoy t workshops for two to 

them organise and direct their instruction. 

1) Begin’’each day^withTquestion! illustMjionr'w 
which iiU capture tZ Interest of the pupils. Whenever possible. 

"“t z :rrrf^srv^ r^pus. 

Don’t tell tiswS^rLediaily. Ask a child to explain. 

“ % ^td^%?younSdgeLnI 

- 5“riheic?rcf 

the idial introduced in class. The appropriate text material is 
*’%rihe“conceiL“~sented^ one of the unit plan are 

chudr:n%n'c^:::hinf to“^^^ !f if5o;:d ^h^: th. 

pil^l^to ^fflskks: but also urge them to use the vocabulary and 

‘’‘'’““efircfrilla^crStl'place aPP.«t«a i«^a **:^:Tim:‘’"'" 

where children may repeat the activities ^“^“8 J'ttrse^^ws- 

7) The chalkboard illustrations may be sketched on large news 

••'^"^ITo^-rt^r; to*m:lre'y'orr'iipils "heat energy experts." Help 



energy. Help them to dote the unit with an interest in continuing 
the study of heat energy. 

It it important to note that each teacher was free to carry out 
the instruction according to his customary method of "teaching style", 
and to use whatever materials he had available. In previous studies 
conducted by the researcher, some teachers preferred to teach the 
units by following a problem solving method and Involving all child- 
ren in the experimentation. Other teachers have preferred to have 
one or two children demonstrate and lead class discussion. Other 
teachers have chosen to do the demonstrations themselves and to 
assume the major role of quesioning pupils. In the previous studies 
there have been as many different methods of instruction as there 
were teachers participating in the study. This was encouraged. 

The unit plan provided the framework of common experiences for all 
pupils. The kits of apparatus, filmstrips, texts, and other materials 
were intended to provide a minimal supply of instructional materials 
for all teachers. 

3. "Self-Contained" Classroom Teachers and 
Special Science Teachers 

One form of class instruction included in Detroit schools was 
the use of a special science teacher for pupils in the intermediate 
grades. This teacher would meet with a class of pupils for a class 
period of 35 to 50 minutes duration. The number of class meetings 
varied from two to four class periods each week. Such a science 
teacher would ordinarily meet five to eight classes each day. In 
other words, the special science teacher would have responsibility 
for science instruction for 250 to 300 children during a given week. 

In the suburbs of Detroit, science instruction was conducted 
in some classes by a "self-contained" classroom teacher. This per- 
son would teach several subjects to elementary school pupils and 
science was one of those subjects. This classroom teacher could 
carry out instruction for 30 to 50 minutes each day or vary the 
time and duration of presentation without serious interference with 
the schedule of ether classes in the school . 

In one group of sixth grade classes, the pupils were taught by 
means of a "team teaching" arrangement. Under these circumstances 
one teacher would assume major responsibility for instruction and 
the two other sixth grade teachers would cooperate as it was appro- 
priate. This arrangement permitted large group "lectures", which 
would be followed by small groups of pupils working in a form of 
laboratory activity. The instructional period for the large group 
lecture- laboratory activities would last as long as two hours. In 
their individual classrooms, the teachers would develop the reading 
and/or discussion of questions raised in the large group. 
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In one pair of sixth grade classes, a single teacher carried 
out instruction for both classes. This kind of cooperative arrange- 
ment between two classroom teachers is frequently found in elementary 
schools . 



4. Collection of Test Results 

A. Construction of Unit Achievemen t Tests . A multiple- choice 
test was constructed to measure pupils* understanding of the ideas 
in each unit before instruction, directly after the unit had been 
concluded, and three to five months after instruction had ended. 

One or more test items was written for most of the major generali- 
zations Included in the unit of instruction. Appendix A, B, and C 
show listings of the major ideas presented in each unit and the cor- 
responding item on the unit achievement test. A copy of each unit 
test is included in Appendix J of this report. 

It should be noted that each test item provided a modest indi- 
cation of a pupil *s understanding of the generalization for which 
the test item had been written. The multiple -choice test item 
attempted to determine whether or not a pupil had achieved a minimal 
understanding of the corresponding generalization. In a sense, the 
multiple- choice test question seeks to measure the pupil's under- 
standing of the relationship between the question or stem of the test 
item and the '’conventional" or "stereotype" answer. 

Although some researchers may have a low opinion of this mini- 
mal level of "understanding", it is the writer's contention that an 
understanding of the "conventions" and the "stereotypes" of a sub- 
ject area provide the substance for refinement and an opportunity 
for a more profound understanding of the subject matter. Moreover, 
it is the writer's view that if a child cannot comprehend or retain 
the rudimentary conventions or stereotypes of some topic, then it 
is questionable that a ccwnparable investment of time and energy 
at that particular stage in the cog;nitive growth of the child will 
enable him to acquire profound insights into the subject or demon- 
strate exceptional skills in coping with salient problems in the 
subject area. 

In a related study. Smith (69 ) has suggested that if a pupil 
understands a test question and the appropriate (conventional) 
answer to that question, then that understanding may be asserted 
as a proposition or test item generalization. The relationship 
between the test' item proposition and its corresponding generali- 
zation is illustrated in Table 1. 

It should be evident that there are many statements or proposi- 
tions which may be subsumed under the generalization stated in Table 1. 
If a pupil responds correctly (selects choice "a") to the test 
question in Table 1 .then we may assert the corresponding test item 
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Table 1 RELATION OF TEST ITEM TO GENERALIZATION 

INCLUDED IN UNIT OF INSTRUCTION 



fl^narallzatlon ; Work is done when a force moves an object through 
some distence, 

2. Te«t Ouesflon ; It! which of the following examples Is no work 
done? 

a. Pencil lays on desko 

b. Pencil is used to write on paper. 

c. Pencil is thrown at wall, 

d. Pencil falls off table, 

3 , Test Item Genera ligation : If a pencil lays on a desk, then the 

pencil is not doing work upon the desk. 



generalization, And this accurate response provides merely one 
slender piece of evidence that the pupil has some meaningful under- 
standing of the generalization. Indeed, any test item is merely 
one member of a very large set of questions which might have been 
asked. A discussion of this relationship of the multiple-choice 
question to the ideas included in the unit plans is expanded in the 

Appendix G, 

Before and after instruction of each unit, the test items were 
administered to a pilot class and the pupils' responses were used as 
the basis of an item analysis. Improvement of the response options 
consisted essentially of identifying those distractors in a multiple- 
choice question which were selected by 0 to 5% of the 35 ^ 

the pilot group. When these low level distractors were identified, 
they were replaced by options judged by the researcher to be more 
plausible distractors. However, the limitation of time prevented 
the researcher from collecting empirical evidence to test his 
judgement in making these revisions. 

B. Estimates of Validity . The validity of the test Items as 
appropriate estimates of the generalisations Included In the units 
of instruction was established upon the judgements of the three 
consultants to the project, i.e., a university physicist, a science 
supervisor, and a science teacher. Their judgement enabled the 
researcher to establish the content or face validity of the unit 
achievement tests. 

Each test item was written directly underneath the generaliza- 
tion to which it corresponded. The listing of generalizations and 
test items was sent to each consultant with the request that he 
check each test item for the following considerations: 1) In your 
judgement does the test item provide an acceptable estimate of 













pupils’ understanding of its corresprading 

^e possible answers acceptable and do you agree with the selection 
of the "preferred" answer for each question. 

The researcher met with the consultants to discuss the test items 
or th^lr witteHL^nts were used to revise or eliminate test items. 
However the researcher must assume the responelbility or any error 
"rintmopriate questions or responses in any of the unit achieve- 

ment tests. 

In attempting to establish concurrent validity of the unit 
achievement tests, the researcher was 

reouired by those tests. It was apparent that the test *1**®”“"® 
and their responses relied strongly upon success in processing infor 
™ti~ via be?bal symbols. That is. the unit tests favored those 
nersons who were proficient in expressing their ideas or receiving 
wnrvirOTltten symbols or spoken symbols. It would not provide 

i^rrtuXrforpupI?: sumed f -nf ^l^rre ^rrir* 

•.tiAii* ideas with tangible objects or materials. Tneretore, ic 

was inferred that pupils who did well on the unit achievement 

do well in tests of reading comprehension and measures 

of verbal intelligence « 

In addition* pupils' success on the unit achievement tests 
would pres^^^ Reflected in a similar level of success on a 

science achievement test which also relied predominantly upon 
written symbols. The Stanford Intermediate and Advanced Science 
^hiCTemem Test provided an estimate of pupile background of 
inforiaation about science topics and it relied ®‘™sly ^*'® 

use of reading proficiency on the part of the pupil taking the test. 

The correlations between the unit achievement tests e"d the 

StanfLd Reading Comprehension Test (34 ) ®®'awa^ind 

bal Intelligence Test (44 ), and fhe Stanford Intemediate 
Advanced Science Achievement Test (33 ) are shown in Tab 17. 
expected, there was a high, positive correlation *>®*”®®" ®"“®®® 
on the unit achievement tests and success on these standardis 
of verbal intelligence and achievement in 

hension and science background. This '®i**^™*fP„P'‘^ehilve- 

eupporting evidence of the concurrent validity of the unit achieve 

ment tests. 

c. Administering Oiiit Achievement Tes^. When the *®®*® 

were administered to pupils participating in the study, the test 

administrator read the test items aloud **;® and 

l•«s^ The pupils also had a copy of the test at their desks ana 

separate anLer sheets which they marked to indicate their preferred 
InS^r toT^estion: The test administrator read each question 

and the possible answers aloud and waited about 15 ®®®°"‘‘® 

for the pupils to mark their answer sheets. The pupils were 
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encouraged not to guess wildly at answers. These instructions gave 
the pupil the opportunity to indicate which questions he did not 
understand and to indicate this on his answer sheet. In part* the 
directions to the pupils stated: 

’’You are not expected to know all of the answers to these ques” 
tions about (electricity). Don't feel bad if you don't know some 
. of the correct answers. The purpose of this test is to find out 
how much boys and girls in the elementary schools know about (elect- 
ricity) (after) they have studied it in school. ^ NOT GUESS WILDLY . 
If you do not know the answer to a question* skip over that question 
and go on to the next one. 

You will not know all of the words in the test. I will read the 
questions and possible answers with you. This is done to help you 
with some of the hard words. Wait until the questions and answers 
have been read th^a select the correct answer if you know it. If 
you do not know the correct answer you may darken the space under 
answer number five (for that question to indicate that you realise 
that you do not know the answer to that question)." 

The tests were administered by research assistants* while the 
classroom teacher was not present in the room. The teachers did 
not see the test questions before or after instruction. Moreover* 
they had agreed not to discuss the test questions or possible answers 
with their pupils at any time during the study. A copy of the 
schedule for administering the tests is shown in Appendix J. 

There are two occasions when the classroom teacher did adminis- 
ter a unit achievement test* I** the first instance, the teacher 
in School ^5 administered the Heat Retention .Test to his pupils in 
November* 1966* because the researcher was unable to have a research 
assistant at the school at the time when the pupils were ready to be 
tested. 

The second exception occurred in the administration of the 
Heat Retention Test to pupils in the sixth grade in suburban 
School #7. These pupils had been promoted to a junior high school 
after all instruction had ended. At the request of the science 
department chairman, the science teachers in the junior high school 
administered the Heat Retention Test to these pupils rather than 
the project's research assistant. This was a matter of administra- 
tive convenience for the teachers in the junior high school 

A mnemonic device was used to identify each unit achievement 
^est and to indicate when it was administered to pupils in the 
sample. The letters (M*E,H) correspond to the tests for machines* 
electricity, and heat. A number after each letter indicated 
whether the test was administered before instruction (Ml, El* HI), 
directly after instruction had ended (M2* E2* H2), or as a reten- 
tion test (M3* E3, H3) conducted ^three to five months after 




Instruction had concluded, 

D. Scoring Pupils * Answer Sheets o Each pupil had responded to 
the test questions by marking a separate ansv^r sheet » This sheet 
was examined by research assistants to identify improper 
or other random errors which might have occurred. In those s t 
tions where two responses were given to the same question the pupil s 
answer was not counted for that question. In those rare situations 
where a pupil had been unable to participate in the test situation, 
the pupil's answer sheet was discarded foam the study. It was assumed 
that a pupil's inability to respond to the test question indicated 
clearly that whatever score or set of scores might be attained for 
that pupil, they would not provide a fair or reasonably accurate 
indication of his understanding of the topic being tested. 

For example, since each question was read aloud to the pupils 
and they were to respond to the question while the test admlnis- 
trator waited for them to respond, a large number of blank spaces 
at the beginning or the end of a test answer sheet would indicate 
that the pupil was uncertain or unable to participate in the test 
situation. Other reasons for discarding an answer sheet 
analysis of data would include situations in which the Popil dia 
not put his name onto the answer sheet, the pupil caused disruptive 
behavior in the classroom during testing, the pupil was unable to 
keep up with the rest of the class in taking the test, or the 
pupil had to leave the classroom before the test was completed. 

The incidence of these events of removing answer sheets from the 
test population wus less than one-half of one per cent of the 
pupils tested at any single test period. 

The pupils' answer sheets were scanned visually by a research 
assistant for possible errors and the research assistant assigned 
an identification number as well as a group number to each pupil. 

The answer sheets were optically scanned, scored, and an IBM card 
was puncbid for each answer sheet. During this scoring by machine, 
the operator checked each response on the first sheet and last sheet 
of the entire group of answer sheets to check for 
operation. Random checks of pupils answer sheets and IBM cards 
were made by research assistants for approximatly one per cent of 
the entire group of tests. The IBM card became the input medium 
for the cvxnputer programs to score and analyze data for each. test. 

E„ Double P recision Scoring . In previous research, the inves- 
tigator ( 74)~had conducted item analysis of pupils* responses to 
test items about light energy. He had argued that the per cent 
correct responses to a test item provided a probability estimate of 
a pupil's understat^ding of the corresponding generalization. The 
Improvement in the information processing capability of the Wayne 
State University computer has persuaded the researcher to extend 
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the item enelyaes of the unit achievement teat* to indicate which 
quest iona were anawcred correctly on the pre-teat and on the poat- 
teat aa well as those answered correctly on the post-teat and oh' 
the retention teat, which was administered three to five months 
after instruction ended. This rather conservative requirement has 
been labeled by the researcher "double precision scoring". An 
argument in defense of this scoring and item analysis procedure is 
presented in Appendix G, 

In order for a pupil to be credited with a correct response 
under "double precision" scoring fer the pre-test, he must choose 
the same correct response on the pre-test (Ml, El, HI) and the 
same correct response to the same test item on the post-test (M2, 

E2, H2), This indicated that the pupil understood the question 
and the correct answer before instruction and retained that under- 
standing after instruction had ended. It is estimated that the 
llkllhood of guessing this identical response purely on the basis 
of chance is approximately 1/16, An argument in favor of this 
interpretation has been presented in Appendix G, 

In order for a pupil to be credited with a correct response 
under "double precision" scoring for the post-test, he must choose 
the correct response on the post-test (M2, E2, H2) and the same 
correct response to the same test item on the retention test (M3, 

H3, E3) administered three to five months after instruction had 
concluded. A correct response under these conditions indicated that 
the pupil understood the question and the correct answer and he 
retained this understanding for at least three months. The llkli- 
hood of a pupil guessing the identical answer to the same question 
is also estimated to be about 1/16. 

Another mnemonic device was used to lndlcate"double precision" 
scoring. The double precision pre-test scores for machines, elect- 
ricity, and heat have been indicated by the expression (M12, E12, 
H12), The double precision pest-test scores have been indicated by 
the expressions (M23, E23, H23). 

I^ is interesting to note that this procedure of "double preci- 
sion" scoring was not mentioned in the original proposal for this 
project. The computer facilities which this type of scoring required 
were not available to the researcher at the time the proposal was 
initiated. Indeed, the researcher had not conceived of this pro- 
cedure of scoring when he undertook the study. In other words, 
the technique for "double precision" scoring was a product of the 
research undertaken in this project and is considered by the 
researcher to be an important artifact of the project, 

F. Estimating Reliability of Unit Achievement Tesj:. As 
Guilford ( 27 ) has indicated, the formulas which are used to 
compute reliability of tests depend upon the variance among the 
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test items# When there is e large number of test items which are 
not close to the optimum discriminating level of 50%, then the 
standard reliability formulas are inappropriate. 

Figure 3 indicates the per cent correct responses for grade 6 
pupils to the (M23) test. Similar patterns of responses were found 
for the other grade levels and for the other unit achievement tests. 
It is apparent from Figure 3 that the proportions for these unit 
achievement tests extended from 4% to 82% correct respoijses. There- 
fore, the conventional procedures for computing test reliability 
seemed inappropriate for the unit achievement tests. 

The researcher elected to use the information processing power 
of the computer to simulate predictione of pupils' correct responses 
and to compare those predicted responses with the pupils actual 
responses. This procedure is a form of the Monte Carlo Method 
described by McCracken (46 ) and by Kershner (39 ). However, as 
far as the writer can determine, it has not previously been applied 
to estimating test reliability. It must also be considered an 
important artifact of the project. 

The procedure started with the selection of three pupils at 
random from each fourth grade class of pupils who had taken the pre- 
test for simple machines (M12). This was about 40 pupils. The 
per cent correct responses for this entire grade group had previously 
been computed for each item on the (M12) test. The researcher wrote 
a computer program which would do the following tasks: 1) compute 

a random number (r) between 0% and 997., 2) compare the random number 
with the proportions of pupils (p) responding correctly to the first 
test item, 3) if pir, estimate that the pupil responded correctly. 

If p<r, then estimate that the pupil responded incorrectly, 4) re- 
peat step number 3 for each of the fifty items on the test to which 
the pupils responded, 5) determine the number of accurate guesses 
for each pupil, 6) compute the per cent of accurate guesses that 
were made by the Monte Carlo procedure, 7) repeat the same procedure 
for the entire sample of pupils. Appendix G includes a simplified 
flowchart which illustrates this Monte Carlo simulation of test 
reliability. 

Since there were 50 responses made by each pupil in the sample 
of 40 pupils on the (M12) test, the sample made a total of 2000 
responses. For each pupil, it was possible to compute the per cent 
accurate guesses made by the Monte Carlo procedure. The per cent 
of correct guesses was selected as the best estimate of the accuracy 
of the (M12) test for predicting success of other fourth grade 
pupils in responding to the (M12).test« 

This per cent of correct predictions (P), was used as a coeffi- 
cient of determination (d) which was described by Guilford (27 ), 
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ifng used in fhc following oxproiiionii 

(coofficienr of det«rmin«tion ) =s (cor relation coafficient)^ 

d 3 r2 

d= P 

P— r2 
'{psr 

to provide a correlation coefficient to estimate tbe reliability of 
the (Ml 2) test when it was used with other samples of fourth grade 
pupils in the population. A similar procedure was followed to cot- 
puU the reliability coefficients for fifth and sixth grade pupils 
as well as the reliability coefficients for random samples of fourth, 
fifth, and sixth grade pupils for each of the unit achievement 
tests. These reliability coefficients for .single precision scoring 
(Ml, M2, M3,... HI, H2, H3) and for double precision scoring (M12, M23, 

...H12, H23) are shown in Table 2. 

G. Standardized Tests and Other Measures . The following stan- 
dardised tests were used to obtain estimates of the verbal intelli- 
gcncc. reading proficiency, end background of science inforciation 
of the pupils: Lorge-Thorndike Verbal Intelligence Test (level 3), 

Stanford Paragraph Meaning Test (form JM), and Stanford Intermediate 
and Advanced Science Achievement Test (form JM). 

One of the indicators of socio-economic status was occupation 
of the chief wage earner in each pupil's family. Each pupil was 
asked to identify the occupation of the father and the mother if 
she was employed. This occupational label was compared with the 
U.S, Office of Labor Classification Guide (19 ) in order to classify 
the occupation of the parents as one of the following categories, 
professional, managerial, sales, service, skilled, semi-skilled, 
unskilled, parents* occupation unknown. Bar graphs in Appendix E 
shew distributions of the occupational status of the chief wage 
earners in the families of pupils in the cooperating schools. 

Additional information regarding the socio-economic background 
of each class or school population was provided by bulletins from 
the Promotion and Research Department of the Detroit News (61 / 
the Unitod Community Services of Metropolitdn Detroit (78 ). These 
reports included 1962 estimates and 1960 census data with maps 
indicating population growth, home ownership, and income in the 
Detroit Standard Metropolitan Statistical Area in the three counties 
of Machom, Oakland, and Wayne. This information indicated the median 
family income, median home value, per cent homes owned, and rent 
rate for homes in the community served by each of the schools in 
the study. 

Table 3 summarizes some of these socio-economic characteristics. 
The last column identifies the overall socio-economic rating. for the 
community served by each school. It indicates that the low 
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■od(fco •cononic cattgory included pupils in schools ^1 and #5* These 
Here schools having predominatly Negro pupil populations. 

The middle socio-economic classification included pupils from 
three Detroit Schools (#2, #3, #4) and one suburban school (#6). 

The high socio-economic category included pupils from two 
suburban schooli 05^7, #8), 

H, Graphical Analysis of Test Data . Each of the classes partici- 
pating in the study was examined for each of the test variables to 
determine if the distribution of the double precision test scores 
was normal or skewed. For each test variable, the cumulative fre- 
quency was tabulated for each class and the cumulative per cent was 
determined. This cumulative per cent was used to plot a line on 
a normal probability paper. If the point fell along a straight 
line drawn by the researcher, then the class' distribution of 
scores for that variable was considered to be normal. This is 
illustrated in Figure 4. If the distribution did not fall along 
a straight line, then the cumulative per cent was plotted on a 
skewed probability paper following the skewed distribution developed 
by Bumbel ( 26) and the special probability paper suggested by 
Powell (62). This is illustrated in Figure 5, 

In the case of group scores which clearly conformed to a nor- 
mal distribution, it was possible to use this straight line to indi- 
cate the mean or median, standard deviation, and average rate of 
change. This is illustrated in Figure 4. In those situations where 
the distribution was skewed, it was possible to estimate the median 
value and the average rate of change for the distribution as shown 
in Figute 5. It seemed to the researcher that this graphical pro- 
cedure had certain advantages over the exclusive use of numerical 
methods e.g,, least squares, analysis of variance. 

The average rate of change indicated the average variation 
which was made for different proportions of each class. It was pos- 
sible to compare the slopes of different classes or school populations 
and to hote the displacement of the curve of different groups on 
the same test variable. It was possible to compare slopes and dis- 
placements of the lines for different tests which were taken by 
the same group of pupils. In other words, the graphical procedure 
provided additional information which may have been obscured by 
simply calculating the standard statistical parameters and conduct- 
ing the standard teats for significant differences or dignificant 
correlations among the variables. 

Appendix H contains an additional discussion of the graphical 
analysis which was conducted to examine changes in distribution 
of scores from pre-test to post- test and to examine changes in the 
median value and the slopes of curves in which the normal distri- 
bution provided a good fit for the pre-test scores or the post-test 
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I. Sfaflstical Analysis of Jthe Data . Significant differences 
among groups were identified by means of analysis of variance. These 
calculations were completed with the aesistance of the TSAR library 
of eub-routines, Wayne State University Computing Center (85 ). 
Essentially the analysis of variance sub-routines were based upon 
models described by Lindquist (41 ) . 

Bartlett's formula (41 ) was used to test for homogeneity of 
variances among classes at each grade level for each double precision 
scored unit achievement test. The numerical value computed by Bart- 
lett's procedure was compared with the appropriate chi-square value 
in order to test the null hypothesis at the 1% level of confidence. 

Pearson product moment correlation analysis was used to identify 
correlations among the variables included in the study » The TSAR 
sub-routines were also used for the correlations anilysis. These 
sub-routines were based upon models reported by Walker and Lev (89 ). 

Appendix H indicates the ststistical formulas used in computing 
the analysis of variance and the correlation coefficients. 

Item Analysis of Unit Achievement Tests . An item analysis 
of each unit achievement test was conducted using the double precision 
scores for all pupils in the study. The first item analysis was 
conducted for all pupils according to their official grade assign- 
ment, *.e., grade four, grade five, grade six. All pupils were 
classified according to that official school grade assignment. An 
item analysis of each unit achievement test provided an estimate of 
the success of those pupils in responding correctly to each test 
item on the unit achievement test before instruction (M12, El2, H12) 
as well as another estimate of their success in responding correctly 
to the test item after insti^uction (M23, E23, H23). This information 
provided a baits for inferring that the corresponding science generali 
zation would be understood by the pupils in that particular grade 
level. 

TAbles showing the probable success of a pupil in each grade 
level understanding each generalization and its corresponding test 
item generalization are included in Appendices A, B, C for the 
respective topics of simple machines, electricity, end heat. 

It was inferred that a more precise estimate of probable success 
for any pupil could be obtained by utilizing other information 
about the phpils, e.g., background of science information, reading 
level, verbal intelligence, socio-economic level. It was assumed 
that mtny schools would have this information available and could 
profitably use this refined information. 
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The same item analysis was conducted for all pupils who had 
completed the Stanford Intermediate and Advanced Achievement Test. 

The publisher's norms were used to classify all pupils in the study 
into quartile 1 or below (low 25%), between quartile 1 and quartile 
3 (middle 50%), and those above quartile 3 (top 25%). An item ana- 
lysis of the same double precision test scores for each unit achieve- 
ment test provided estimates of the probable success of pupils in 
each grade group and either low, middle, or high categories of 
science achievement to understand each of the test item generaliza- 
tions. These estimates are also shown in the tables in Appendices 

A, B, C. 



Similar item analyses were conducted for the low 257. , the middle 
50%, and the high 25% of the pupils in the study according to the 
reading comprehension norms of the test publishero A third item 
analysis was conducted for the low 25%, the middle 50%, and the high 
25% using the verbal intelligence test norms of the publisher. 

The socio-economic category specified in Table 4 Wsv used to 
classify all pupils in the sample according to low, middle, and high 
soiio- economic level. A fifth item analysis was conducted to pro- 
duce probability estimates of the success of the pupils in the low, 
middle, and high socio-economic communities in grades 4, 5, and 6 to 
understand each test item generalization. 

The estimates which utilized measures of pupils* reading com- 
prehension, verbal intelligence, and socio-economic level have also 
been reported in the tables in Appendices A, B, C. 

It was possible to estimate the levels of confidence which one 
could place in each of the proportions listed in Appendices A, B, 

C, by using the graph provided by Tate and Clelland ( 83). and reported 
with their permission in Appendix D. Since each appendix indicated 
the number of pupils used in calculating each proportion, the Tate 
and Clelland figure may be used to estimate the probable error of 
each proportion and the reader may be 90% confident in the accuracy of 
that estimate. It should be noted that these estimates apply to 
other members of the population defined for this study. 



Ill, RESULTS OF STUDY 



1, Analysis of Variance for Unit Achievement Test 

A. Re.ulrs for Grade Four. Tables 4,5,6 provide suranary 
statements of Ihe’TSs^ruTof the enilysis of variance cmducted 
for grade four classes. Additional details may be found In Ap- 

pendix H, 

1. Machines Pre-Test (M12) - There were no significant 
differences among the variances of the classes in the Grade 4 por^ 

tlon of the sample, as indicated by Bart ® arade classes 

not indicate significant differences among the fourth grade classes. 

Class #9 scored highest on the preliminary test and class #19 
scored lowest* 

2. Machines Post-Test (M23) - The Bartlett's Test revealed no 
significant differences among the variances of the fourth gra e 
classes. When f tests were conducted between pairs of classes, 
the significant differences at the 17. level of confidence were 
attrlbutad to differences between low-scoring classes (V10,19, 

20,23) and the high-scoring classes (#9,24,38). 

It is interesting to note that classes #9 and #10 l>egan in- 
struction without significant differences between them both 
classes received instruction from the same science specialist in 
the school #2 for equivalent amounts of time. However, they con- 
cluded their study of simple machines by making scores which were 

significantly different. 

3. Electricity Pre-Test (E12) - The Bartlett's Test indi- 
cated that there were significant differences among the fourth 
grade classes at tne 17. level of confidence. An F Test was made 
between the low-scoring classes (#19,20,24) and the high-scoring 

classes (#9,10,38), 

Classes #19 and #20 entered instruction for electricity 
with low scores which suggested weak preparation in comparison 
to the other classes in the sample. These two classes had scored 
significantly lower than the other fourth grade classes on the 
(M23) test and these pupils were from low socio-economic communi- 
tdas. On the other hand, class #24 was located in a middle socio- 
economic community and it also scored low, 

4. Electricity Post-Test (E23) - The Bartlett's Test indi- 
cated that there was a significant difference among the variances 
of classes in the fourth grade group. F Tests were <io«ducted 
between the pairs of classes and indicated that the significant 
differences could be attributed to the low-scoring classes (#19, 
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T*blt 4 SUmRY OF ANALYSIS OF VARIANCE RESULTS FOR MAOTINES 
PRE-TEST (M12) AND POST-TEST (M23) FOR GRADE 4 PUPILS 



(M12) 

Main 

List 

of 




(M23) 

Main 
List 
of 

Classes 23 



Bartlett's Test--Not Significant for (M12), Significant for (M23) 
F Test— Significant for (M12) or Significant for (M23) 



legend: "H" indicates class on vertical axis scored significantly 

higher than comparison class listed on horixontal axis. ”L" indi- 
cates class on vertical axis scored significantly lower than com- 
parison class listed on horizontal axis. "NS” indicates that class 
was not significantly different than class listed on horizontal 
axis. The table indicates that class 9 scored significantly higher 
than class 10 on the (M23) test* 
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Tablt 5 SUMMARY OF ANALYSIS OF VARIANCE RESULTS FOR EIECTRICITY 
PRE-TEST (E12) AND POST- TEST (E23) FOR GRADE 4 PUPILS 



Comparifon Lift of Claffff 



(E12) 
Main 



of 



iE23l 




of 

Claaaea 23 



Bartlett 'a Teft--Significant for (E12) and for (E23) 
F Test— Significant for (E12) and for (E23) 



Legend: "H" indicates class on< vertical axis scored significantly 

higher than comparison class listed on horisontal axis. "L" indi- 
cates class on vertical axis scored significantly lower than com- 
parison class listed on horizontal axis. "NS" indicates that class 
was not significantly different than class listed on horizontal 
axis. The table indicates that class 9 scored significantly higher 
than class 20 on the (E12) test. 

40 



Table 6 SUMMARY OF ANALYSIS OF VARIANCE RESULTS FOR HEAT FRE 
TEST (H12) AND POST-TEST (H23) FOR GRADE 4 PUPILS 



Comparison List of Classes 




Bartlett's Test--Not Significant on (H23), Significant on (H12) 
F Test-- Significant on (H12) and on (H23) 



Legend: "H" indicates class on vertical axis scored significantly 

higher than comparison class listed on horizontal axis. "L" indi- 
cates class on vertical axis scored significantly lower than com- 
parison class listed on horizontal axis. "NS" indicates that class 
was not significantly different than class listed on horizontal 
axis. Class 9 scored significantly higher than class 10 on the 
(H23) test. 
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20) and the high-scoring classes (#9,10,38). 

It should be noted that classes #19 and #20 were significantly 
low at the start of instruction as indicated by their scores on 
the (E12) test, and they did not make significant improvements 
after instruction had concluded. They continued to remain signifi- 
cantly below other fourth grade classes. Moreover, class #19 did 
not make substantial improvement from the pre-test to the pest- 
test for the identical pupils in that class. 

Graphical analysis of the (E23) test supported the impression 
stated in the preceding paragraph. This analysis indicated that 
the median scores and the slopes of graphs for the two classes did 
not change appreciably for either class. In contrast, class #24 
improved to a relative standing so that it was not significantly 
lower than any other grade four class, except class #9 which scored 
substantially higher than all other grade four classes. 

5. Heat Pre-Test (H12) - The Bartlett’s Test revealed signifi- 
cant differences among the pupils' scores on the (H12) test. F Tests 
indicated that these differences could be attributed to the low 
scores made by classes (#19,20) as compared to the high-scoring 
classes (#9,10). 

6. Heat Post-Test (H23) - The Bartlett's Test did not reveal 
significant differences among the variances for the (H23) test. 

F Tests revealed significant differences at the 1% level of confi- 
dence. T Tests indicated that these differences were attributed 
to the low scores made by classes (#19,20). Once again, class #9 
distinguished itself by scoring significantly higher than class 
#19 and #20, as well as classes #10 and #24. 

B. Results for Grade Five Classes . Tables 7,8,9 provide sum- 
mary statements of the results of the analysis of variance conducted 
for grade five classes. Additional details may be found in Appen- 
dix H. 



1. Machines Pre-Test (M12),- The Bartlett's Test indicated that 
the variances among the classes in grade five were not homogeneous. 

F Tests indicated that the differences could be attributed to the 
low-scoring classes (#1,21), and the high-scoring classes (#2,11, 
12,26,32,39). 

2o Machines Post -Test (M23) - The Bartlett's Test did not indi- 
cate significan^ differences in the variances of the fifth grade 
groups on the (M23) test. F Tests indicated that there were sig- 
nificant differences and subsequent T Tests showed that the differ- 
ences could be attributed to low scores made by classes (#2,16,21), 
while significantly higher scores were made by classes (#12,15,32, 
39). It is interesting to note that class #21 began instruction 
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Table 7 



SUMMARY OF ANALYSIS OF VARI/.NCE RESULTS FOR MAOIINES 
PRE-TEST (M12) AND POST-TEST (M23) FOR GRADE 5 PUPILS 



Comparison List of Classes 

11 12 15 16 21 25 26 32 33 _34 39 

“l l ns 5fs ns"" ns l l ns ns l 

NS NS NS NS NS NS NS NS NS NS NS 

NS NS NS NS NS NS NS NS NS NS NS 

NS NS NS NS NS NS NS NS NS NS 

NS NS H NS NS NS NS NS NS 

NS NS NS NS NS NS NS NS 

NS NS NS NS NS NS NS 

NS NS L NS NS L 

NS NS NS NS NS 

NS NS NS NS 

NS NS NS 

NS NS 
NS 



5 NS NS NS NS NS NS NS L NS NS NS 

NS NS NS NS NS NS NS NS NS NS NS 

NS NS NS NS NS NS NS NS NS NS 

NS H H NS NS NS NS NS NS 

H NS NS NS NS NS NS NS 

NS NS Na L NS NS L 

NS NS L NS NS L 

NS NS NS NS NS 

NS NS NS NS 



Bartlett’. Te.t-Not Significant for (M23), Significant for (M12) 
F Teat— Significant for (M12) and for (M23) 




H NS NS 
NS NS 
NS 




axis. 
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Tablt 8 SUMMARY OF ANALYSIS OF VARIANCE RESULTS FOR ELECTRICITY 
PRE-TEST (E12) AND POST-TEST (E23) FOR GRADE 5 PUPILS 



Comparison List 



(E12) 


6 


11 


12 


15 


16 


21 
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NS 


H 


• 


2 


NS 


NS 


NS 


NS 


• 

m 


6 




NS 


NS 


NS 


NS 


H 


< 


11 






NS 


NS 


NS 


H 


U 


12 








NS 


NS 


H 
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Bartlett's Test--Not Significant 
F Test--Slgnlf leant for (E12) and 



of Classes 
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NS NS 
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or (E12), Significant for (E23) 
Significant for (E23) 



Lagendl "H" Indicates class on vertical axis scored significant ly 
higher than comparison class listed on horizontal axis. "L" Indi- 
cates class on vertical axis scored significantly lower than com- 
parison class listed on horizontal axis. "NS" indicates that class 
was not significantly different than class listed on horizontal 
axis. 
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Table 9 SUMMARY OF ANALYSIS OF VARIANCE RESULTS FOR HEAT PRE 
TEST (H12) AND POST-TEST (H23) FOR GRADE 5 PUPILS 



Comparison List of Classes 



CH12) 
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Bartlett's Test--Not Significant for (H12) or for (H23) 
F Test— Significant for (H12) or for (H23) 



Legend: "H" Indicates class on vertical axis scored significantly 

higher than comparison class listed on horizontal axis. "L" Indi- 
cates class on vertical axis scored significantly lower than com- 
parison class listed on horizontal axis. "NS" Indicates that class 
was not significantly different than class listed on horizontal 
axis. 
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^Ith significant- ly low scores and concluded instruct: ion with signi- 
ficantly low scores. It is also interesting to note that classes 
#12, 32, and 39 started instruction with significantly high pre- 
test scores, and concluded instruction with significantly higher 
post-test scores than the other fifth grade classes. 

Graphical analysis had indicated that there were positively 
skewed distributions for classes (#32,34) and log-normal distri- 
butions for classes (#6,25,26). However these variations as revealed 
by the graphical analysis did not result in a rejection of the null 
hypothesis by the Bartlett^s Test. -Moreover, the positively skewed 
distributions for class #32 placed it significantly higher than 
other classes in the fifth grade group. 

3. Electricity Pre-Test (E12) - The Bartlett's Test did not 
indicate that there was a significant difference in the variances 
of the fifth grade classes on this test. An F Test indicated sig- 
nificant differences among the classes, and subsequent T Tests 
identified significant differences between low-scoring classes 
(#2,21) and high-scoring classes (#6,11,12,15,26,32). 

Graphical analysis had identified positively skewed distri- 
butions for classes (#12,26,33,34), but the skewed distributions 
did not cause these classes to be significantly lower than any of 
the other fifth grade classes on the (E12) test. On the contrary, 
classes #12 and #6 were significantly higher than so«e of the 
other grade five classes on the (E12) test. 

4. Electricity Post -Test (E23) - The Bartlett's Test indicated 
that there was a significant difference among ths variances of the 
classes in the grade five sample. F Tests were conducted between 
the pairs of classes and Indicated that the differences were pri- 
marily due to low-scoring elasses (#2,21) and high scores made 

by all other classes in the grade five sample. It is interesting 
to note that the F Test indicated that even class #2 was signi- 
ficantly different from class #21. It is also interesting to 
note that classes #39 and #55 made slightly higher mean scores 
than did class #2, but their variances were significantly dif- 
ferent. Classes #12 and #15 made significantly higher mean 
scores than class #39 and #55, and their variances were also 
significantly different. 

Classes (#6,16,32,33) had graphs which indicated positively 
skewed distirbutions of scores within these classes, but th^ 

F Tests did not indicate that they were significantly lower than 
most of the other fifth grade classes. 
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5. Heat Pre-Test (H12) - The Bartlett's Test did not indicate 
•ittnificant differences among classes in grade five on the CH12J 
test. An F Test revealed significant differences among these 
classes, and subsequent T Tests indicated that these differences 
could be attributed to low- scoring classes (#2,16) versus high- 
scoring classes (#12,26), 

6. Heat Post-Test (H23) - The Bartlett's Test did not reveal 
significant differences among the variances of the grade five 
classes. An F Test did indicate significant differences among 
those classes, and T Tests revealed that the 

attributable to the low scores made by classes (#2,16,21) versus 
the high-scortag classes (#6,12,26,32,33,39). 

Graphical analysis had indicated that the distribution of 
the scores within classes #21 had changed from log-normal to 
positively skewed distributions. It also suggested that there 
was no substantial improvement made by these pupils as indicated 
by their median scores. However, some individuals within these 
classes did make substantial improvements, 

C. Results for Grade Six Classes . Tables 10,11,12 provide 
•unury of the results of the analysis of variance 

conducted for grade six classes. Additional details may be 
found in Appendix H. 

l. Machines Pre-Test (M12) - The Bartlett's Test did not 
indicate that the variances among the classes were significantly 
different on'the (M12) test. An F Test indicated that tnere 
were significant differences among those classes, and subsequcs.t 
T Tests revealed that the significant differences cwld be attri- 
buted to low-scoring classes (#3,4,13,14,17,22,35,36) and the 
high- scoring classes (#7,8,28,40,41,58). 

It is interesting to note that graphical analysis had indi- 
cated that group #88 was positively skewed, but the combination 
of F Test and T Test did not indicate that the skewed distri- 
bution made class #88 significantly lower than any of the other 
sixth grade classes. The skewed distribution merely indicated 
that there was an accumulation of relatively low scores within 
this particular class on the (M12) test. 

2. Machines Post-Test (M23) - The Bartlett's Test did not 
reveal significant differences among the sixth grade classes. 

An F Test and subsequent T Tests did indicate significant dif- 
ferences between low-scoring 

ing classes (#7,8,88,13,14,27,28,35,36,37,40,41,58). lb should 
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Table 10 SUMMARY OF ANALYSIS OF VARIANCE RESULTS FOR MACHINES 
PRE-TEST (Ml 2) AND POST-TEST (M23) FOR GRADE 6 PUPILS 





(M12) 
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4 

7 
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88 
M 13 
« 14 
S 17 

0 18 
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CO 28 
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C 36 
a 37 
"" 40 
41 



Comparison List of Classes 
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Bartlett’s Test -- Not Significant on (M12) or (M23) 
F-Test -- Significant for (M12) and for (M23) 



Lesend : ’’H" indicates class on vertical axis scored significantly 

higher than comparison class listed on horizontal axis. "L" in 
cates class on vertical axis scored significantly lower than com- 
parison class listed on horizontal axis. "NS" indicates that class 
was not significantly different than class listed on horizontal 

axis. 
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Main List of Classes /-v Main List of Classes 



Table 11 SUMMARY OF ANALYSIS OF VARIANCE RESULTS FOR ELECTRICITY 
PRE-TEST (E12) AND POST-TEST (E23) FOR GRADE 6 PUPILS 
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Bartlett's Test -- Not Significant for (E12), Significant for (E23) 
F-T*it -- Significant for (E12) and for (E23) 

Legend': ”H’' indicates class on vertical axis scored significantly 

higher than comparison class listed on horizontal axis. "L* indi- 
cates class on vertical axis scored significantly lower than con- 
parison class listed on horizontal axis. "NS" indicates that class 
was not signtCicantly different than class listed on horizontal 

axis . 
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MAIN LIST OF CLASSES ^ MAIN LIST OF CLASSES 



Table 12 SUMMARY OF ANALYSIS OF VARIANCE RESULTS FOR HEAT PRE- 
TEST (H12) AND POST-TEST (H23) FOR GRADE 6 PUPILS 
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Bartlett's Test -- Not Significant for (H12) or for (H23) 

F-Test -- Significant for (Hl2) and for (H23) 

Legend: "H" indicates class on vertical axis scored significantly 

higher than comparison class listed on horizontal axis. ”L" indi- 
cates class on vertical axis scored significantly lower than com- 
parison class listed on horizontal axis. "NS' indicates that class 
was not significantly different than class listed on horizontal 
axis. 
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be noted that the pupils In class #58 were also significantly 
higher In their scores than some of the pupils In the other 
slKth grade classes. In particular, class #58 was significantly 
higher than classes (#88,14,18,17,27,37,41). 

Class #3 and #4 had entered Instruction with significantly 
lower scores than the other sixth grade classes and they concluded 
Instruction with significantly lower scores than the other classes. 
These pupils were In low socio-economic communltlet^ and this re- 
sult was not surprising. Class #17 had entered Instruction with 
significantly lower scores than the other classes, but Improved 
to tl»e state where It was not significantly lower than the other 
vixth grade classes on the (M23) test* Classes (#8,58) entered 
lnstT.*uctlon with significantly higher scores on the Initial 
test and concluded Instruction with significantly higher scores 
on the final test* 

3. Electricity Pre-Test (E12) - The Bartlett's Test Indicated 
that there were no significant differences among the variances 

of the classes In this group. An F Test and the appropriate 
T Tests revealed that significant differences did exist between 
low-scoring classes (#3,4,7,17,41) as compared to the high-scor- 
ing classes (#13,14,28,35,38,37,40,58). 

Class #58 made Initial scores of the (E12) test which placed 
It significantly higher than all of the other grade six classes 
except classes (#35,40). This suggested that class #58 may have 
studied electricity at a previous time, but no Information was 
collected to test this conjecture. On the other hand, only 14 
of the 29 pupils were tested and this was approximately one half 
of the entire class; which might also account for the extremely 
high scores made by a small group of students. 

Graphical analysis Indicated that classes #36 and #41 had 
positively skewed distributions on the (El 2) test* but this dis- 
tribution of scores within the classes did not cause their 
variances or mean scores to be significantly lower than the other 
sixth grade classes. 

4. Electricity Post-Test (E23) - The Bartlett's Test Indi- 
cated that there were significant differences among the sixth 
grade classes on the (E23) test* The F Tests were conducted 
between pairs of classes and revealed that these differences 
were atcrlbutalbe to low-scoring classes (#3,4,22) versus the 
high-scoring classes (#7,8,13,14,17,18,27,28,35,36,37,40,41,58). 

Classes #3 and #4 had entered Instruction for electricity 
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with significantly lower scores on the initial test and remained 
significantly lower than the other classes as indicated by their 
scores on the (E23) test*. It is interesting to note that the 
ssMT Baoioib teaaher taught classes #3 and #4« This teacher had 
an excellent background of undergraduate science work. However, 
these children came from low- socio-economic comnimities and 
seemed to follow the same pattern of low achievement on tests. 

It is also interesting to note that class #41 was taught by 
the same science teacher In a suburban school who taught class 
#40 in a self-contained setting. The pupils in class #40 scored 
significantly higher than the pupils in classes #3 and #4 on 
the (E23) test* The pupils in class #40 scored saoewhat higher 
than pupils in class #41, but this was not statistically signifi- 
cant. 



5. Heat Pre-Test (H12) - The Bartlett's Test did not reveal 
substantial differences among the variances of classes in the 
sixth grade for this test* An F Test indicated that there were 
significant differences among the classes. Subsequent T XestL. 
indicated that the differences could be attributed to low-scoring 
classes (#3,4) which scored significantly lower than all other 
sixth grade classes on the (H12) test except class #7. The 
T Tests also indicated that classes (#7,17,18,27,28,41) scored 
significantly lower than classes (#8,13,14,35,36,37,40,58). 



6, Heat Post-Test (H23) - The Bartlett's Test indicated that 
there was not a significant difference among the sixth grade 
classes on the (H23) test* An F Test indicated that there was 
a significant difference among these classes, and T Tests re- 
vealed that the differences could be attributed to low- scoring 
class (#17) as compared to the high-scoring classes (#8,13,27,37, 
40,58). Classes #3 and #4 were excluded from the analysis of 
the (H23) test in the sixth grade sample because there were only 
7 and 8 cases remaining in those two groups. 

D. Sex Differences in Achievement . Table 13 provides a sum- 
mary statement of sex difference in achievement on each of the 
unit tests. It indicates significant differences existed in 
achievement for simple machines (M12,M23), electricity (E12,E23): 
for all pupils In each of the eight school s» 

There was a sex difference in the achievement on the Machines 
Pre-Test (M12) which favored the boys in Detroit schools #1, 2, 
and 3. However, there was no significant difference in the 
achievement of boys and girls In any of the Detroit schools on 
the Machines Post-Test (M23). 
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The suburban schools did not indicate significant differences 
in the achievement of boys and girls on the Machines Pre-Test (M12), 
but the boys in school #6 did achieve significantly high** scores 
on the Mahhines Post-Test (M23). Otherwise, there ware no dif- 
ferences in achievement of boys and girls on the (M23) test "in 
any of the other two suburban schools. 

On the Electricity Pre-Test (E12), there were sex differences 
which favored boys making higher scores in schools #1, 2, 5, and 6, 
However, these differences in achievement of boys over girls dis- 
appeared on the Electricity Post-Test (E23), except for the con- 
tinued success of boys ever girls in suburban school #6. 

Table 13 shows that for the Heat Pre-Test (H12) and the Post- 
Test (H23), there were no significant differences in the achieve- 
mant of l^ioys or girls in any of the schools. 
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2. Graphical Analysia of Data 

Graphical analysis of tha data was used to identify changes 
in the distributions of pupils' scores between the pre-test and 
the posftest for each unit test and for each of the grade groups* 
The details of this analysis have been described in the tables in 
Appendix H, Table 14 shows a sunmary of the changes in distribu- 
tion of the grade groups for different units of instruction. It 
is apparent from the table that large numbers of classes in all 
three grade tended to have a normal distribution before 

instruction and a normal distribution after instruction. This 
was consistent for the units of instruction on machines, elect” 
rical energy, and heat energy. The only except ion occurred in 
the case of the electricity unit in which there appeared to be 
changes from a normal distribution on the pre-test to log-normal 
or skewed distributions on the post-test, None of the classes 
indicated a negatively skewed distribution on any of the unit 
achievement tests at any of the grade levels. 

Skewed distributions occurred in low, middle, and high 
socio-economic groups. They have occurred in situations where 
instruction was directed by non- specialists in science and in 
classes taught by science specialists. There ddesnot seem to be 
a consistent pattern in the occurrence of positively skewed dis- 
tributions. although some classes tended to have skewed distri- 
bution for one unit achievement test and have normal or log- 
normal distribution for other unit achievement tests. 

There were 19 occasions when a skewed distribution occurred. 
There were 62 occasions when a class had a normal distribution 
when instruction began and had a normal distribution when instruc- 
tion ended. There were 76 occasions when the terminal distribu- 
tion was normal or log-normal. In summary, it should be repeated 
that there was a general tendency toward normal distribution of 
scores within classes, although there might be variations in the 
distribution before instruction or after instruction. 

The graphs indicated clearly that low socio-economic groups 
scored significantly lower than middle or high socio-economic 
groups. This occurred at grade 4, 5, and 6, The evidence was 
only applicable to efasses that were taught by the special 
science teachers. Since the suburban classes did not include a 
sample of pupils from a low socio-economic community* a direct 
comparison including suburban schools was not possible, 

VHien the distribution of scores within a class was deter- 
mined to be normal, for the pre-test and the post-test, this 

» 
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Table 14 



CHANGES IN DISTRIBUTION OF CLASSES’ SCORES FROM 
PRE-TEST TO POST-TEST 





Machines 


Electricity 


Heat 




Pattern of 


(Ml 2 to M23) 


(E12 


to E23) 


(HI 2 to H23) 


Dlatrlbution 
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No. of 




No. of 




Grade 
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Grade 


Classes 


Grade 
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provided «n opportunity to compare growth or improvement made 
hy pupili in the Detroit schools and those in the suburban schools* 
There seemed to be as many occasions when there were significant 
differences between classes in the same grade group taught by the 
same teacher, as between classes taught by the science specialist 
in Detroit and other classes taught by teachers in self-contained 
classes in the suburbs* 

The six hypothetical eases shown in Appendix H enabled the 
researcher to make comparisons between increases in the median 
scores and increases in the average rate of growth within a 
given classroom* 

Table 15 indicates frequencies of occurrence for each of the 
hypothetical cases which had a normal distribution before instruc- 
tion and a normal distribution after instruction had ended* Of 
the 62 instances of the pattern (N-N), the largest number (35) 
occurred as instances of hypothetical case #6* This indicated 

was a significant gain in the median scores following 
^ng^fuction and there was also a substantial increase in the 
slope or average rat® of change* In substance, this implied that 
while the total group made improvement, the upper portion of the 
class made substantially larger improvement than the lower por- 
tion of the class, which made little or no improvement* 

The second largest number (18) of instances of (N-N) pattern 
fell into hypothetical case #1* This indicated that the entire 
group made significant gains on the post-test and that these 
equivalent improvements were siade by pupils at all levels in 
the class* 

Another significant observation about the information in 
Table 15 was that there were no instances of hypothetical case 
#4 or #5o This clearly indicated that the instruction presented 
in these units did not enable pupils who were patently low on 
the initial test to make greater improvements at any time than 
the pupils who were above the median on the initial test* 

Five instances of the (N-N) pattern were classified as re= 
presentative of hypothetical case ^2, which indicated no sub- 
stantial Improvement in either the median score or in the slope 
of the curves after instruction* It is noteworthy that four of 
these five instances occurred in classes of pupils from low 
socio-economic comminities* 
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Table 15 FBEQUENCT OP HYPOTHETICAL CASES FOR CLASS 

DISTRIBUTIONS HAVING <N-N) PATTERN FOR 
UNIT ACHIEVE>aENT TESTS 



(N-N) 
Hypothet « 
Cases 


> Gr. 

Gps. 


Mach, 

Test 


Elect. 

Test 


Heat 

Test 


Totals 
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Total 62 
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3, Gain Scores 



For each of the unit achievement tests, a comparison was 
made to discover the gains in raw scores which were made between 
the initial pre-test (M12, E12, H12) and its corresponding post- 
test after instruction (M23, E23, H23). This provided a set of 
raw scores which indicated the gains in correct responses 
which might be attributed to instruction in the particular unit* 

Figure 6 shows three curves which illustrate the galnsscores 
made by fourth grade pupils on the three unit achievement tests. 
Figures 7,8 illustrate gain scores made by pupils in the fifth 
grade and by pupils in the sixth grade. 

For pupils in grade four the range of gain scores extended 
from -4 points to ilS points. Flguw^S Indicated that approxi- 
mately 6 pupils made scores below -2 and at least 7 pupils made 
scores above 4>11, This corresponded to a change for the total 
test which ranged from 8% loss to gain of approximately 30% for 
some of the fourth grade pupils. The mean gain was 3.5 correct 
responses #hlch corresponds to about 77. gain. 

These changes refer to gains made for the machines unit test. 
Similar gains are noted by the solid line graph and the dash line 
graph for gains made by fourth grade pupils as a result of instruc- 
tion in electricity and in heat energy. Tlefee distributions of 
gain scores are very similar for all three groups and approxi- 
mate a normal distribution. 

The bar graph in Figure 7 shows a distribution' of gain 
scores for fifth grade pupils for the machines unit. It indi- 
cates a range of scores from a -7 points to a t22 points. This 
corresponds to a range of 14X loss to a gain of 447.. The mean 
gain score for the fifth grade group was 4.3 correct responses 
which corresponds to about 8.6% gain. 

The other line graphs show the distribution of gain scores 
of fifth grade pupils for electricity and for heat energy. The 
three dlsttibutions are very similar and approximate a normal 
distribution. The mean gain score for electrical energy for 
fifth grade pupils was 3.8 and the mean gain score for fifth 
grade pupils on the heat energy unit was 2.8. These figures 
correspond to 7.6% and 5.6% ^Ins respectively. 

The bar graph in Figure 8 shows the distribution of gain 
scores for sixth grade pupils for machines, electricity, and heat 
energy. The range of scores for the machines unit extended from 
-7 to fl9, which corresponds to a range extending from 14% loss 
to 38% gain. 
















Machines ••• .bar graph, Electricity. •• .solid line graph, Heat.... dash line graph 





bar graph. Electricity. •• .solid line graph. Heat.... dash line graph 




Hachines....bar graph, Electricify. .. .solid line graph. Heat. .. .dash line graph 



The solid line and the dash line show distributions of 
gafn scores of sixth grade pupils for the electricity test and 
the heat test* The three distributions are very similar, and 
approximate a normal distribution* For the electricity test, 
the mean gain was 4.3 or 8*6%, and the mean score gain for heat 
energy was 4*1 or 8*2% gain* 

4. Standardized Tests of Achievement 

A Analysis of Variance Results 

1 . Grade 4 - For the standardized reading comprehension 
test, the Bartlett's Test Indicated that there was a signifi- 
cant difference among the variances of the fourth grade classes* 
Classes (^9,38) had substantially higher variances than 

did classes (iiS^20,24,23) . The mean score of class ^20 was lowest 
In the group. Corresponding tables may be found In Appendix H* 

The Bartlett's Test Indicated a significant difference In 
the scores made on the standardized science achievement test. 

Class #9 was significantly high and classes (#24,23,20) were 
significantly low. The mean score of class #20 was lowest of 
the fourth grade classes and class #9 made the highest score In 
science achievement. 

The Bartlett's Test Indicated no significant difference 
In the verbal Intelligence test scores for the fourth grade 
pupils. An F-test Indicated that there was a significant dif- 
ference, and subsequent T Tests Identified class #20 as scoring 
lowest and classes (#38,9) scored high. 

2. Grade 5 - For the standardized reading comprehension 
test, the Bartlett's Test Indicated a significant difference 
existed among the variances. Classes (#1,21) had small variances 
and classes (#39,15,16) had large variances. Interestingly, class 
#2 was not significantly different in either the mean scores 

or the variances on the reading comprehension. Low mean scores 
were made by classes (#21,1) and high mean scores were made 
by classes (#33,34,39,6). 

I 

The Bartlett's Test Indicated that there were.sigBif leant 
differences on the standardized science achievement test. Class 
#1 had small variance In comparison to the classes (#39,16). 

Low mean scores on this test were made by classes (#21,1). 

High mean scores were made by (#15,5,32,34). Class #2/ did 
not have a significantly lower mean score or a significantly 
different variance than the other grade five classes. 
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The Bartlett's Test indicated that there were no significant 
differences in the verbal intelligence scores made by grade 5 
pupils. An F-test indicated that there were significant dif- 
ferences. Subsequent T Tests indicated that the differences 
c ould be attributed to low mean scx>res made by classes #1 and 
#21 as compared with classes (#32,5|33,34) . Class #2 v?as 
not significantly different than any of the other grade five 
classes with respect to mean score or variance within that 
class . 

3. Grade 6 - The Bartlett's Test indicated that there 
was a significant difference in the sixth grade pupils' 
reading comprehension scores. Classes (#3,4) scored significantly 
lower than classes (#18,37). Mean scores of classes (#3,4,22) 
were substantially below those of mean scores for classes (#58, 
40,41,8,14,18). 

For the standardized science achievement test, the Bartlett's 
Test indicated that a significant difference existed among the 
low-scoring classes (#22,3,4) and high-scoring classes (#58,18, 
13). Low mean scores were made by classes (#3,4,22) as con- 
trasted with high mean scores made by (#58,8,28,35,37,7,14). 

The Bartlett's Test indicated that there was not a signifi- 
\ cant difference in the variance of the sixth grade pupils on 

/ ttie standardized test of verbal intelligence. An F-test indicated 

that there was a significant difference. T Tests revealed 
g^gnificant differences between low-scoring classes (#3,4,22) 
and high-scoring classes (#35,36,40,7). 

B. Correlation Coefficients Between Test Variables 

Table 16indicates the correlations among the unit achieve- 
ment tests for pupils in grades 4,5, and 6. If one considers 
the fourth grade matrix, it is apparent that there is a sub- 
itantial correlation (r s .70 to r s .86) between the pre- 
test and the post-test for machines (M12 with M23) , electricity 
(E12 with E23), and heat (H12 with H23) . In come cases, 
the correlation from one unit test to another increased to a 
high of r s .77 in the case of .the correlation between the 
(E23) test and the (H23) . On the other hand, the correlation 
dropped to r » .55 for the correlations between the (M12) 
test and the (H23) test. 

Inspection of the matrices for the correlations among 
the unit tests for the fifth grade pupils and for the sixth 
grade pupils indicates that the magnitudes of those corre- 
lation coefficients are similar to the values computed for 
the fourth grade samples. 54 
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*All correlation coefficients are 2<><ligit, positive minerals, unless specified otherwise 
A decimal point is understood to precede each coefficient. 
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Table 17 indicates the correlations among the unit achieve- 
ment tests and standardized tests for reading comprehension, 
science background, and verbal Intelllgenpe. For the fourth 
grade sample, achievement tests are of the order of (r s .51 
to r s .68). The correlations of the unit with the standard 
science achievement test extends from (r * .53 to r c .78). 
Correlation coefficients of unit achievement tests and verbal 
Intelligence scores of the fourth grade class ranged between 
(r - .34 and r = .66) 

For the fifth grade sample, the correlation between the 
unit achievement tests and reading comprehension extended 
from(r s .34 to r s .51). The correlations for science achieve- 
ment extended from (r = .52 to r a .59). The correlations for 
verbal Intelligence reanged from (r s .47 to r » .63). 

For sixth grade pupils, the correlations between unit 
abhleveroent tests and the standardized tests for reading 
comprehension, science, and verbal Intelligence had the respec- 
tive ranges of (r a .43 to r a .58), (r s *51 to r a .66), and 
(r s .39 to r a .62). 
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5. Item Analysis of Unit Test Data 



A. Pupils * Correct Responses XB IlLSSS.* the following 

remarks "tfe results of pupils' responses to the various items on 
the unit achievement teats will be summarlaed for simple 
Electrical energy, and for heat energy. Since C** 
similar for tests for all three units, it was considered to be 

unnecessary to repeat the same dLls 

each of the three sets of data separately. The discussion dea 

with differences in success achieved by pupils in grades 4, 5, an 
6 Estimates of pupils' probable success in understanding the 
g;nerrurttons 4 simple machines, electrical energy, and heat 
energy are shown in Appendices A, B, and C, 

An examination of the correct response patterns for each of 
the grade levels indicated that one characteristic pattern was 
for Eupila at each of the grade levels to achieve the same level 
of success on a given test Item on the pre-test and on »^>>e poM 
test. For example, the test item generalization for Item #1 on 
the machines test may be stated: 

"An automobile has mechanical energy for use. 

Inspec-lon of Appendix A indicates that for each of rhe ^tlree 
Lade groups abLt 547. of the pupils responded correctly to this 
?r,t item before instruction (M12). There was no “meciable 
change In the proportions scoring correctly on the (M23) test 
after instruct ion » 

The lack of change may be verified by referring « the con- 
fidence belts in Appendix D. The number of pupils in the fifth 

grade sample was approximately 300 pupils ® 

^es^ CM23) . The per cent correct responses to the (MZ3; test 
by flLh grade pupils was 567.. By referring to Fl^re 9 . the 
approprlaL confidence curve would be for samples between 200 
and 400 subjects, the proportion under consideration would be 

567., which is located on the horizontal axis at the top of F«- 
ure 9 . The curves in that figure indicate that one may be 90,. 
confident that the true proportion lies between 624 and aOT.. 
Since the per cent correct responses of fourth grade groups and 
the per cent correct responses of the sixth grade groups are 
547e and 53%. respectively, it is apparent that there 
significant differences among the three grade groups in respon 

ing to this test iteme 

For each unit achievement test, there were several test 
items which revealed similar proportions for all three grade 
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groups before and after instruction. Occasionally, this occurred 
i^en the proportions of successful responses were relatively high 
as in the case of item y/1 and #4 on the machines test. However, 
it was generally the case that test items were about the same 
level of difficulty for all three grade groups »hen the propor- 
tion of correct responses was low for each grade group before 
and after instruction. This occurred for items #2 and #6 for 
the machines test, for items #1, 4, 9, and 19. on the electricity 
test, and for heat test items #9, 11, 17, 25, and 48, 

A second set of test items showed a sbmewhat different pat~ 
tern in that they revealed a pronounced increase in the per cent 
of correct responses from grade 4 to grade 5 to grade 6. For 
example, the test item generalisation for item #17 on the machines 
test may be stated: 

"If it is a shovel or a cCOwbar> or a hammer, then it may 
be used as a lever," 

For this item there was a pronounced increase in the per 
cent of correct responses on the machines post*’test (M23). This 
changed from 257. to 347. to 487, for the respective grade groups 
of 4, 5, and 6. There was a similar but less pronounced increase 
for the same grade groups on the machines pre-test (M12) for that 
same item and those same grade groups. 

If one looks at Figure 9 with the 347, correct responses of 
grade 5 and the sample size of 296 pupils, the boundaries for 
the true proportions for that grade group are approximately 297. 
and 407.. Therefore, one can asert that there was a modest but 
significant difference in the proportion of correct responses 
made by fourth grade pupils and fifth grade pupils as well as a 
significant difference in the proportion of correct responses 
made by fifth grade pupils and by sixth grade pupils to this 
particular test item on the machines test (M23). 

One may also use the same confidence belts to determine 
whether or not the change in per cent correct responses was a 
significant change for grade 5 pupils. Since only 12Z of grade 5 
pupils responded correctly to item #17 on the Machines Pre-Test 
(M12), this is clearly outside the limits of the 297. to 407, 
band. Therefore, a larger and statistically significant pro- 
portion of fifth grade pupils did respond correctly to item #17 
and one may infer that the increased understanding was attribu- 
table to the instruction on the topic of simple machines. 

Similar patterns were identified for the electricity test. 
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In particular, this occurra^ on the Electricity Pre-Test (E12) 
for items 1^38 and #39; it occurred on the Electricity Post- 
Test (E23) for items (#5,12,11,38). Only once did this pattern 
occur on the Heat Pre-Test (H12) and this was for item #34. It 
did occur on the Heat Post-Test (H23) for items (#13,16,35,37). 

Another pattern which seemed to characterize the responses 
to the unit achievement tests was elrident when there was only a 
modest difference between the proport ion^ of correct responses 
for pupils in grade 5 and 6, while the proportion of correct res- 
ponses made by fourth grade pupils to the same test item was 
significantly lower. For the Machines Pre-Test (M12), this was 
evident for test items (#3,4,21,22,37, and others). For the 
Machines Post-Test (M23), the same items often exhibited this 
pattern (#3,4,21,22,37); however, there were more items on the 
Machines Post-Test (M23) which reflected this pattern than there 
were on tha Machines Pre-Test (M12). Specifically this was truie 
for test items (#16,28,34,39, and others). 

For the Heat Pre-Test (H12) and the Heat Post-Test (H23), 
there were several items which exhibited this pattern on both 
tests. For example, this was true of teat items (#2,5,8,35, 50, 
and others) . However there were some itemm on the Heat Post- 
Test (H23) which exhibited the pattern but the similar pattern 
was not on the Heat Pre-Test (H12). Specifically this referred 
to test items (#1,7, and others). 

In contrast, there were only a few of the items on the Elec- 
tricity Pre-Test (E12) and the Electricity Post-Test (E23) which 
exhibited this pattern for both tests. Specifically this occurred 
for items (#17,25,32). Very few of the electricity Pre-Test (E12) 
items reflected this pattern. On the other hand, a large number 
of the Electricity Post-Test (E23) items did reflect this pattern. 
Specifically this applied to test items (#21,18,2,16,17,37,32,40, 
and others). 

A fourth pattern which seemed to characterize the pupils' 
responses to the various unit achievement tests was evident in 
the increase in the per cent correct responses from the pre-test 
to the post-test. One variation of this pattern occurred when 
all three grade levels revealed significant increases in the per 
cent of correct responses. This was characteristic of machines 
test for items (#3,4,17,35,36, and others). For the electricity 
test, this was characteristic of items (#18,22,5, and others). 

For the heat test, this was characteristic of test items (#2,1, 

13, and others). 
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A larger number of the test items on the unit achievement 
test revealed a variation of this pattern by having an increase 
in proportion of correct responses from the pre-test to the post- 
test at one grade level or at two different grade levels. It is 
important to note that this increase in per cent correct responses 
might occur at the fourth grade level and not at the fifth or 
sixth grade level. It might occur at the fifth grade level and 
not at the fourth or sixth grade levels. It might occur at the 
fifth and sixth grade levels and not at the fourth grade level. 

In other words, there was not a consistent, identifiable pattern 
in noting significant increases in per cent correct responses 
in this variation of pattern #4. 

Specifically the increase of one or two grade levels occurred 
on the machines test for 15 items or more and this included test 
items (#7,8,16,21,24,26, and others). The increase at one or 
two grade levels for the electricity test occurred for 12 or 
more test items and this occurred for test items (#3,2,6,11,16, 
and others). The pattern for the heat test occurred for approxi- 
mately 15 test items. Specifically, it occurred for test items 
(#3,5,6,4,10,36,37,26, and others). 

B. Identification of Error Patterns . It is common for teachers 
to be concerned primarily with the total correct responses made by 
pupils to test items. A substantial increase in total correct 
responses from pre-test to posftest is often interpreted as a 
corresponding increase in understanding of the topic. However, the 
couputer makes it possible to consider the error response patterns 
which characterize groups of pupils as well as their correct res- 
ponse patterns. The tree diagram which is shown in Appendix G 
has indicated the large number of possible response paths which 
may characterize the network of responses to any multiple- choice 
test . item. 

A detailed analysis of error response patterns was beyond 
the available energies of the researcher or the available time 
and resources of this research project. Therefore, the researcher 
can only suggest to the reader some of his insights, gleaned from 
a cursory exploration of the error response patterns. 

I 

The following remarks, have been restricted to the error pat- 
terns derived from pupils' responses to the Machines Pre-Test 
(M12) and the Machines Post-Test (M23). Therefore, it should be 
understood that these error responses were either made prior to 
instruction and reiterated directly after instruction, or they 
were asserted by the pupils directly after instruction and re- 
iterated on the retention test administered three to five months 
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after instruction had concluded. 

Table lA indicates the per cent correct responses of sixth 
grade pupils to each of the items on the (M12) test and the 
(M23) test. Inspection of these items leads to certain basic 
observations. The per cent correct responses to this test before 
instruction and after instruction ranged from a very low per 
cent of correct responses (47., 37.) to a very high per cent of cor- 
rect responses (76%, 737.). 

It is interesting to note that when an item was answered 
correctly by 25% or more of the pupils, the per cent of error 
responses is substantially lower than when the per cent correct 
responses was less than 257.. For example, item #2 had only 
3% correct responses on the (M12) test, and response and #2 
received 16% and 387« response frequencies respectively. In 
order to suggest what these error responses mean, the researcher 
has listed *all of the student misunderstandings which may be 
inferred from their responses to the other options included In 
each test question. This list for the Machines Test is included 
in Appendix G . 

In fhe case of item #2, the pupils' responses indicate that 
at least 16% of them believed that after a boy has used energy 
\ in a race, he still retains that energy. This occurred on the 

■ (M12)^est and garnered (17%) on the (M23) test. Moreover, the 

second response indicates that the students believed than once 
a boy has used energy in running a race, the energy is entirely 
"used up". This was true of 38% on the (M12) test and 457. on 
the (M23) test. This is directly contradictory to the basic 
principle of conservation of energy, and it is apparent that this 
unit made no substantial improvement in helping youngsters to 
perceive the meaning of this major generalization. 

If one were to undertake another science class with pupils 
in this sample, it seems that the teachers would wish to know 
that children do not consistently accept the conservation of 
energy principle. 

It is also interesting to note that for the pre-test and 
the post-test, there were only about 57% and 707. of the young- 
sters who were consistent in their thinking before and after 
instruction. This leaves a substantial number of pupils in the 
sample who are uncertain or are vacillating in their thinking 
about this particular matter. 

In the case of item #5, the test question attempted to determine 
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if pupil! could identify the relationship! among the load, the 
force, and the fulcrum in a second class lever. It i« apparent 
from the figures in Table 18 that a substantial number did not 
understand this prior to instruction and although the per cent 
of cases Who did respond correctly after instruction had increased 
a substantially larger proportion (about 75%) were either uncer- 
tain as to how the components in a second class lever might be 
arranged or they were vaci Mating. 

Questions #28, 29, and 30 attempted to determine if students 
could conceive of one point on a rotating surface traveling far- 
ther and/or faster than another point on the same surface. Con- 
sistently, the pupils indicated that all points on the rotating 
surface (airplane propeller, bicycle wheel, fan blade) would 
turn at the same speed and that all points would travel the same 
distance. This view is inconsistent with an understanding of 
the principle implicit in the operation of the wheel and axle. 

This was confirmed by the very low correct responses to the test 
items #30, 31, and 32 which alio were directly related to the 
wheel and axle principle. 

It is important to note that there were some test questions 
in which the options were not incorrect answers. For example, 
question #42 asked the pupils to indicate which of a group of 
items exhibited some friction and the four options were: 1) fans, 
2) roller skates, 3) airplanes, 4) all three of the above. 
Obviously all of these have some friction and the preferred 
answer would be to have the pupil indicate that he knew that all 
of these machines had some friction. On the one hand, it was not 
wrong to indicate that roller skates had friction; but the pre- 
ferred answer was that all three of these machines had some 
friction. The intent of the question was to determine if the 
pupil could select the comprehensive answer rather than a particu- 
lar instance as an answer. 

The preceding remarks have cited the error response patterns 
which occurred on the machines test. Similar patterns have been 
noted by the researcher with respect to pupils,' responses to test 
items on the electricity test and to the heat test. However, 
these patterns have not been discussed in this report . 



6. Teacher Responses to Questionnaires About Instruction 

Approximately 11 of the 20 teachers replied to the question- 
naire following the unit of instruction for simple machines. Five 
Detroit teachers accounted for 25 classes in the sample and the 
suburban teachers accounted for 6 classes in the sample. 
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The plan of initruction for eiiaple roachinee provided a tenta- 
tive achedule of 18 school days vhich required 45 minuteaperiods 
of instruction. This amounted to approximately 13.5 hours of 
instruction for simple machines. As shown in Table 19 the teachers 
completed the unit between 5 and 7.5 weeks. The median number 
of days per week of instruction was three. Most of the classes 
were conducted during periods of instruction of approximately 
1/2 hour. The total time may be estimated to range from 7.5 
hours of instruction to 12.5 hours of instruction in the Detroit 
schools. In the suburban schools, the total instruction ranged 
from 7.5 hours to 25 hours of instruction. 

It should be noted that these totals may be exaggerated and 
very deceptive indications of the total amount of time spent in 
instruction. This discrepancy may occur because of interruptions 
from holidays (Yora Kipper, Veteran’s Day, Thanksgiving) and other 
events which occurred in particular schools and interrupted the 
regularly scheduled plan of instruction. When the researcher 
met with the cooperating teachers, they indicated to him that 
when these interruptions did occur they tended to wait until 
most of the pupils had returned to class before proceeding with 
the instruction. 

In their replies to all three questionnaires, the teachers 
indicated that they used the teaching protocol "teacher and pupil 
demonstration" most frequently in the Detroit schools and in the 
suburban schools. Often this particular teaching procedure was 
modified according to the circumstances of the teacher and invol- 
ved teacher lectures and laboratory periods. In some classes, 
certain pupils made "science projects" or other exhibits at 
home and brought them to school to share with classmates. 

Table 20 indicates the answers made by teachers to the 
questionnaire following their instruction on the topic of 
electrical energy. This unit plan specified instruction for 15 
school days of approximately 45 minutes per day. That is, the 
unit plan required approximately 11.5 hours of total instruction. 

In the Detroit schools the instruction lasted for approxi- 
mately 6 or 7 weeks and the median number of days of instruction 
per week was three. The approximate length of each class period 
continued to be 1/2 hour and it was estimated that the approxi- 
mate total hours of instruction in the Detroit schools ranged 
from 7 to 16. 

In the suburban schools, the instruction extended from 3.5 
to 7 weeks and the median number of days per week of instruction 
was three. The approximate length of class periods for instruction 
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the table above, the sign "•*' indicates that no Information was obtained for the category 
rolt Teachers taught 25 classes. Suburban teachers taught 16 classes. 
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the table above, the sign indicates that no information was obtained for the category, 
roit Teachers taught 25 classes. Suburban teachers taught 16 classes. 



continued to be 1/2 hour. The approximate total hoirs of instruc- 
tion spent on electrical energy ranged from 7 to 27.5. Once again 
this range of ^otal approximate hours of instruction may be exag- 
gerated because of interruptions in the school program, holidays, 
teachers' institute meetings and other school events. 

Table 21 indicates the teachers' responses to the question- 
naire following instruction for heat energy. The unit plan 
called for 16 school days of instruction lasting for 45 minutes 
per day. In the Detroit schools the teachers spent approximately 
5-1/2 weeks on this unit and taught it three days per week for 
about 1/2 to 3/4 of an hour per day. The total number of hours 
spent on this unit In the Detroit schools was estimated to range 
from 11 to 13 hours. 

In the suburban schools, the unit consumed 4 to 7 weeks of 
instruction, which was presented for about 1/2 hour during each 
period of instruction. The median number of days of instruction 
was 3 days per week. The approximate total number of hours of 
instruction spent on the unit on heat ranged from 7.5 hours to 
19 hours . 

Table 22 provides a summary statement of the undergraduate 
studies of the cooperating teachers as well as indications of their 
previous studies in college science courses and their previous teach- 
ing experience. All teachers except one had completed a bachelor's 
degree and held a Provisional or Life Certificate to teach in 
Michigan. For teachers in the Detroit schools the number of col- 
lege sciences courses ranged from 3 to 32, with a median of 13 
courses. The years of teaching experience ranged from 1 to 19 
years, with a median of 7 years. For teachers in the suburban 
schools the number of college science courses ranged from 0 to 10, 
with a median of 3 courses. The years of teaching experience * 

ranged from 1 year to 32 years, with a median of 6 years. 
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IV. 



DISCUSSION 



1. Accomplishing Objectives of Study. 

A. Oblective #1 - The first objective was concerned with 
identifying several valid and significant generalizations about 
electricity, heat energy, and simple machines. This objective 
was achieved. Appendix F includes the specific ^aneralizations 
which resulted from the selection procedures which were reported 
previously in Section II of this report . 

One of the problems in achieving t-his objective was the seman- 
tic difficulties encountered in using words precisely for scientists 
and for children. The literature has indicated that honest differ*- 
ences of opinion exist between university scientists and educators 
who are concerned with making a set of ideas meaningful to a group 
of children in the elementary school. The writer has not resolved 
this difficulty. However, he has attempted to document the state- 
ments of generalizations so that the resulting statements have 
at least been considered from the perspective of the physicist, 
from the viewpoint of the science educator, and from the class- 
room teacher's point of view. 

It should be noted that ^he generalizations stated in Appen- 
dix F are not to be considered immutable and final statements of 
these ideas. The English language has such facility ^hat the same 
idea may be expressed in a variety of ways. The researcher has 
simply chosetl one of the ways of expressing each of the major science 
generalizations. It is this same versatility of the English lan- 
guage in representing similar or identical ideas with different 
words, which seems to be at the heart of the disagreement between 
persons on one side who are concerned about accurate statements 
of generalizations or principles of science versus those persons 
on the other side of the issue who are concerned about forming 
meaningful and simplified statements of the same ideas in order 
to communicate with children. 

B. Oblective £2 - The second objective of the study was con- 
cerned with writing multiple- choice test items to provide esti- 
mates of pupils* understanding of the generalizations in Appen- 
dix F. This objective was accomplished. The three unit achieve- 
ment tests are presented in Appendix J. 

This was one of the most difficult tasks in the entire study. 
Each of the major science generalizations listed in Appendix F, 
may subsume many other, less complicated generalizations. Each 
of these larger generalizations is analogous to a major root from 
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a large t-ree; and each major root has many, many branches. Each 
of the branches can legit imat-ly be considered a membbr of the lar- 
ger root or generalization, as the analogy goes. 

The multiple- choice test item will only permit one to collect 
evidence on one of the subsidiary generalizations. The writer has 
alluded to his subsidiary generalization as the ’’test item generali- 
zation". The hazard of over generalizing from a single test item 
or small number of items to the major science generalization 
should be apparent. The fact that a pupil recognizes that a pen- 
cil resting upon a desk is not doing work upon the desk is a mod- 
est piece of evidence to use to suggest that the same pupil under- 
stands the major generalization; "Work is done when a force moves 

an object." 

Effort was made to compensate partially for the inherent limi- 
tation in the multiple-choice test question by developing a pro- 
cedure which the researcher called "double precision scoring . This 
scoring procedure placed a premium upon the pupil being consistent 
over a period of time in the specific responses which he selected 
on the multiple- choice questions. In previous research (67,20), 
the researcher was impressed with what seemed to be contradictory 
results. It seemed that pupils would respond one way on a pre- 
test and in interview situations shortly afterward they would res- 
pond quite differently, although no apparent reasons could be adduced 
for the inconsistency. 

At this point, the researcher is inclined to believe that 
many pupils, like many adults including professors, are able to 
hold mutually inconsistent ideas in their minds and to maintain 
rind assert those ideas with apparent disregard for the fact that 
they are logically inconsistent. In some of the interviews which 
have been conducted with pupils, certain children have used terms 
with one meaning in one statemen^ and then in the next series of 
statements they have quite blithely used the same term for a sub- 
stantially different purpose and meaning. This also may be noted 
in some of the transcribed interviews reported by Inhelder and 
Piaget ( 32 ) • For example, a pupil may be discussing the Bohr 
concept of the atom, and begin to interchange the terms nucleus, 
electron, proton, positive charge, negative charge. Although 
a given pupil may be consistent for a large proportion of the time, 
even the most able student seemed to lapse into occasions when they 
were clearly inconsistent with their own views. For some children 
this pattern of inconsistency was a persistent practice. 

In an analogous manner, it seems conceivable to the researcher 
that when taking multiple- choice tests, the same pattern of incon- 
sistency may be prevalent throughout the entire test for the entire 
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group of pupils. This pattern of inconsistency may be blatant 
in some children and uncommon for other children in the same class- 
room. Therefore, the lack of agreement of the pupil with himself 
apparently contributes error variance which is readily detected, 
and exaggerated perhaps, by the statistical foriualas used in con- 
ventional estimates of test reliability. 

In substance, the researcher was concerned that his judgements 
and inferences be based upon evidence, i.e., responses to test 
items, which the pupil has clearly identified as a firm and stable 
indicator of his opinions or views. For this reason the researcher 
was inclined to favor ’’double precision” scoring. 



C. Objective #3 - This objective was concerned with construct- 
ing units of instruction on electricity, simple machines and heat 
energy to be presented to randomly selected classes throughout 
Metropolitan Detroit. This objective was accomplished. Appendix I 
provides the three units of instruction which were presented to 
all pupils in the study. 

In their replies to questionnaires and their comments to the 
researcher, it seemed that the suburban school teachers considered 
the units of instruction and the apparatus which accompanied them 
to be a very helpful resource. They felt that it was very diffi- 
cult for them to find the time to coordinate and assemble all fhe 
materials which might profitably be used in an adequate unit of 
instruction for one of the science topics. Therefore, even this 
modest collection of apparatus, filmstrips, and brief contacts 
vi^h the researcher seemed beneficial in the judgement of the 
teachers in the suburban schools. 



In the Detroit schools, the classrooms were ordinarily well- 
equipped with apparatus, science books and similar materials. How- 
ever, several of these science specialists indicated that they felt 
that the organization of the units and the organization of the 
materials was beneficial to them. They also expressed concern about 
finding the time to assemble the materials and the instructional 
plan for presenting a given topic of instruction. 

In general, then, the researcher was inclined to feel that 
the unit of instruction and the accompanying materials enabled 
the cooperating teachers to provide instruction on these topics 
which was as good or better than the instruction available to 
other classes of pupils in the population. 

The second part of this particular objective was concerned 
with selecting samples randomly from Metropolitan Detroit. This 
objective was also accomplished and iias been documented in 
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Section II of this report. 

In selecting randomly throughout Metropolitan Detroit, the 
researcher was impressed with the diversity of teaching situations 
and the backgrounds of science preparation which seemed to charac- 
terise all of the teachers in the study. This has been documented 
in |*he previous section in Table 22. On the other hand, it was 
Interesting to note that the analyses of variance for the unit 
achievement tests revealed modest differences in the succetis of 
pupils who received instruction in these diverse settings following 
the unit plan presented in this s^udy. 

It was obvious that there was some diversity in tb-* teaching 
styles followed by different teachers, although most teachers fol- 
lowed a pattern termed ’’teacher pupil demonstration.” The research- 
er had difficulty in obtaining explicit and verifiable information 
to determine what actually occurred in the various classrooms dur- 
ing the units of instruction. Certainly, more precise recording 
of classroom events should be undertaken in future studies of this 
type. However, in spite of these gaps in the information, the major 
differences which occurred among classes participating in the study 
can be explained largely in terms of socio-economic background and 
the pupils' achievement on standardized measures for reading, 
science, and verbal intelligence. Thesr tests are reasonably pre- 
cise indicators of the gross success of pupils in the information 
processing tasks which typi<?y classrooms in the population of 
schools in this study. 

The graphical analysis indicated rather clearly that the units 
of instruction tended to favor those pupils who were proficient 
in these information processing skills. It is impossible to say 
whether this was implicit in the unit plan and materials organized 
by the researcher or whether this was implicit in the instructional 
procedure and the classroom organization which characterized the 
schools of Metropolitan Detroit. In any event, it was quite clear 
that language facility was a major contributor to success in all 
of the classrooms participating in this study. 

D. Objective ^ - This objective was concerned with making 
item analyses of the unit achievement tests in order to determine 
the per cent of pupils who understood each generalization before 
and after instruction. This objective was accomplished. The tables 
in Appendix A, B, and C provide these estimates to indicate prob- 
able success in understanding each of thes generalizations before 
and after instruction. 



The item analyses were undertaken to enable the curriculum 
pUuners to utilize the information which is ordinarily available 
to them so that they might make optimum decisions about the program 
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appropriates for apacific gs^oupi of puplla in their urban school 
comniunitiest Therefore, the item analysts were undertaken initially 
for each grade level, Pppils in these grade groups were subdivided 
again into three categories (high, middle, low), according to their 
acoffes on the publiaher*s norms for standardised tests of science 
background, reading comprehension, and verbal intelligence. The 
socio-economic rating scale in Table 3 was used to classify pupils 
according to their school *s socio-economic rating. 

Although no specific information was collected, it was the 
writer’s judgement that an increasing order of precision for these 
estimates of probable success would be made by estimates of official 
grade level, socio-economic background, verbal intelligence, read- 
ing proficiency, and science background information. The latter 
would probably provide the most precise estimates of pupils' prob- 
able success in understanding any of the ideas in the three units. 

One of the problems involved in this study was the decision 
to use the categories mentioned above. In previous research (72), 
the writer ieicaiiai ended the use of ‘'normative grade placement" of 
science cor,«epts as a means of establishing an elementary school 
science program based upon pupils* probable success in understand- 
ing a set of ideas. However, during this study it became apparent 
that this view would not be widely accepted or implemented. In 
addition, the publisher of the test norms which had been used by 
the researcher decided to revise the tests. Therefore, the research’ 
er elected to use the publishers' norms to make the gross classifi- 
cation of the sample into high 257,, middle 50%, and low 257. with 
respect to background information about science topics. It seemed 
to the researcher that this very rough classification could be 
achieved by most of the available power tests in science. It also 
seeifted that tehis rough classification of pupils might be made by 
using the existing standardized tests of science information, even 
when those tests have claimed to measure problem solving or critical 
thinking in the sciences. 

The researcher wtill believes that valid and reliable norms 
may be used to establish a scale which could be used profitably 
in making curriculum decisions. It should be quite clear that 
units of measurement are arbitrary and fixed by statute. It is 
perfectly conceivable that a set of test measurements, units, and 
instruments might be established by a knowledgsible and reputable 
agency of the federal government, e»g», National Science Foundation; 
and that these units of measurement and these instruments could 
be used profitably in measuring pupils' success in understanding 
the concepts and processes of science. Needless to say, appropriate 
safeguards would have to be established for the legitimate use of 
these measuring instruments. 



In concluilon, the rough classifications of "high, middle, 
aAd lov 7 ,” were used In order to provide a subdivision of each 
achievement measure which might he meaningful to teachers and other 
curriculum planning personnel. The Interne was to make these prob- 
ability estimates as useful as possible to persons ooncemed with 
planning the elementary school science curricula. 

One of the sources of error In classifying pupils for the Item 
analyses Involved pupils In the Detroit schools, where some of the 
classes Included pupils at more than one grade level. For example, 
one class might have pupils in fourth grade and also Include some 
children who were classified as fifth grade pupils. Other classes 
might have pupils classified as "4B and 4A", Since Detroit shhools 
have a promotion policy which advances pupils one half grade In 
January, some of these pupils would be "fourth graders" in fall, 

1965 and some of them niguld be "fifth graders" In the spring of 
1966, This arrangement occurred only In the Detroit schools' sam- 
ple and It Involved three classes. The researcher made an arbitrary 
decision to classify a fourth grade group as "fourth graders" when 
they entered the project In the fall and they remained with the 
fo»»rth grade sample for the entire year, even though some menders 
of that particular class may have become "fifth graders" according 
to the records of the Detroit public schools. 

If a group of youngsters started the unit with the official 
grade designation of "4A - 5B" or "5A -6B", then the researcher 
arbltrarly classified all pupils In each group according to the 
lower grade rating. That Is, the "4A -5B" group would be classi- 
fied with fourth grade pupils. The "5A -6B" pupils w>uld be 
classified with fifth grade pupils. 

Another source of error was the lack of empirical tests of 
the precision of of the probability estimates which were 
Included lii Append, A,B, and C. Reliability estimates have been 
computed for the unit achievement tests by using grade groups, 
l,e,, random samples of pupils from grades 4, 5, and 6, This was 
accomplished using the Monte Carlo procedure described In Section 
II (method of study) , Time and available funds did not permit 
the researcher to compute estimates of the reliability of the 
probability values when the norms for science background, reading 
comprehension, verbal Intelligence, and socio-economic leveii 
were used as the Indicator of probable success. It was assumed 
that these estimates would be more precise than the grade level 
values, but no empirical tests were conducted to check the 
accuracy of this assumption. On the other hand, theoretical esti- 
mates of the precision of these estimates may be derived from the 
graph In Appendix D, 
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E, Oblacftvft i5, - Objtctive #5 was concerned with arranging 
the per cent correct responses in a form to serve as probability 
estimates that <*her pupils would understand the specific generali- 
zations considered in this study. This objective was accomplished 
and it is documented in Apj^endices A, B, and C, The validity of 
the generalizations has been documented in the literature and in 
the judgement of professional scientists and educators^ This has 
been described in Section II of this report and in Appendices F ,G. 
The relationship between the test item generalization and the major 
science generalization has been discussed in those same sections 
of the report. The validity of this relationship between the test 
item and the major science generalization has been based upon the 
judgement' of professional science educators. Since the per cent 
correct responses relate directly to the test item generalizations 
and since the assumption of random selection of pupils was satisfied, 
then it is legitimate to consider thsse per cent correct responses 
as probability estimates that other members of the population will 
understand the specific test it*m generalizations used in this 
study. It is also legitimate to make inferences based upon this 
evidence that other members of the population will understand the 
major science generalization for which the corresponding test 
item was written. 

One of the problems whidi occurred in conducting the item 
analyses and arranging the data into the various classifications, 
was that a very large number of calculations were required. Con- 
siderable care was needed in sorting the pupils' responses and 
cairds into their appropriate categories and this provided a large 
number of occasions when clerical errors could easily enter. At 
least one month was lost during fehe analysis of da^a in attempting 
to track down and identify duplications of names and identification 
numbers of pupils in the study. In spite of tbt considerable effort 
that was invested in avoiding duplication and clerical error, the 
researcher is still fairly confident that some duplication and 
error still exist in the data. This is trivial in comparison with 
the number of students and test responses taken throughout the 
study. Proof reading the values cited in Appendices A, B, and C 
revealed recording errors of less than .17. and typing errors less 
than . 5% . 

It may be argued that thesia multiple* choice test items were 
not randomly selected from the large number of possible test items 
which might have been posed for each major science generalization. 
The researcher must concede that this is the case. These items 
were selected deliberately after considerable effort. 

Moreover, each statement will have certain obvious flaws when 
examined closely by the sophisticated adult who is capable of 
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examining a particular statement and generating subtle connooations 
and Innuendos which are quite remote from the intellectual world 
of children in the age range from 9 years to 12 years of age. 

If one considers the error response patterns summarized in 
Table 18 it might be appropriate to publish* a complementary set of 
tables to indicate the probable errors which will be implicit in 
the minds of the pupils before instruction and after instruction in 
each of the topics included in this study. Such tables could be 
derived from the detailed examination of the error patterns which 
were discussed in Section III of this report. 

F, Objective #6 - This objective was concerned with providing 
some estimate of the error of the probability values which have 
been presented in Appendices A, B, and C, This objective was 
accomplished. Appendix D includes a graph with several curves 
representing samples which vary from 6 to 1000 subjects per sample. 
Extensive research in computing these estimates of error for a 
proportion has been reported by Pearson and Hartley (58 ), The 
graph in Appendix D is taken from Tate and Clelland (83 ), It 
provides a means of estimating the range of variation for any pro- 
portion cited in Appendices A, B, and C, This assertion that the 
true proportion will occur within this range may be made at the 
907*. level of confidence. That is, the researcher may be 90% con- 
fident that a given proportion will fall within the range specified 
by the curves in Appendix D which correspond to the sample size 
used to compute the proportion. 

It is important to avoid giving the impression that these 
probability estimates are absolute standards and irrevocable indi- 
cations of pupils* success. This set of curves calls attention 
to the fact that any probability estimate is subject to error and 
on occasion the estimate or the trend may be reversed. It calls 
attention to the fact that one should indicate the amount of con- 
fidence which can be expressed in the precision of any estimate of 
probable success. These remarks are closely related to Carnap's 
(11) concept of ’’degree of confirmation”, 

•# 

Inspection of the curves in Appendix D indicates clearly 
that the range of variation for any proportion will depend directly 
upon the size of the sample used to compute the proportion, assum- 
ing that the requirement of random selection has been satisfied. 

The researcher has elected to keep fairly large samples to support 
each of the test item generalizations. He attempted to strike a 
balance between sub-dividing various categories (grade level, 
science background, reading proficiency, verbal intelligence, socio 
economic level) and making the classifications so broad that they 
would be of negligible value. It should be apparent, that if one 
starts with the sample of fourth grade pupils and sub-divides them 
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into high, midaie, and low categories for science backgrwnd; and 
then sub-divides each of these categories into high, middle, and 
low classifications for reading comprehension; and then sub-divides 
these again into high, middle, and low ciassifications for verbal 
intelligence, and repeats the process of sub-dividing for socio- 
economic levels, the terminal node for that series of branches 

^ very small number of persons representing the final 
sub- category • A large nuiiber of nodes at the end of that branching 
series would have no members. Therefore, it was necessary to strike 
a balance between sub-diVieion of the classes and utilizing the 
additional information which was available about the pupils in the 

aam|ie. 



G. Objective £7 - This objective was concerned with publishing 
these probability statements in a form which would be readily 
usable by curriculum groups throughout the nation. This objective 
was accomplished. The documents in Appendices A, B, and C make 
it possible for teachers, administrators, and curriculum planners 
to utilize some of the available information which they have about 
their pupils to estimate thett probable success in understanding 
one or more of the generalizations about simple machines, electrical 
energy, and heat energy. These appendices are part of the public 
domain and may be readily reproduced and utilized without fear of 
infringement of copyright. 

It would be legitimate to apply these estimates to other sam- 
ples of pupils in schools of Metropolitan Detroit* It is possible 
for curriculum planners in other urban centers to t-.tilize these 
estimates, providing that their pupil populations and forms of 
classroom instruction are actually comparable to the schools in 
Metropolitan Detroit. Extrapolation of results from one population 
to another population which was not represented in the initial 
selection is hazardous. However, in the absence of other evidence, 
these results may be useful as a first approximation. 

H. Objective £8 - This objective was concerned with using a 
computer program and the empirically derived estimates to make 
curriculum recommendations for each of the classes in the schools 
participating in the study. This objective was not accomplished. 

In a previous research project (71), the writer had reported a 
computer program which would make curriculum recommendations based 
upon probability estimates for generalizations about light energy. 
As the researcher continued the analysis of the data in this study, 
he became more impressed with the complexity of the teaching- learn- 
ing situation and with tte complexity of the network of accurate 
conpeptions and inaccurate conceptions which seemed typical of 
each of the pupils in the study. When this very complex network 
of understandings and misunderstandings is amplified by 30 pupils 
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per classroom and increased again by 20 or more classes in a given 
. school, the complexity of this network is awesome. 



It would be possible to define rather arbitrary "cut-off 
points"', and then use these values to make decisions as to whether 
or not a particular generalisation or concept would be taught to a 
particular class or in a particular school. However, it is the 
writer's judgement that this would be a superficial treatment 
of the problem. It would gloss over the targe num^rs of variables 
which are implicit in the minds of the pupils in the school. • 

it would be a facade which would be as deceptive as are many of the 
curriculum guides, which are displayed at varies professional 
meetings. The printout from the computer would be Irrelevant and 
deceptive as to the possible understandings and misunderstandings 
which are implicit in the minds of the 30 or more pupils in any 
elementary school classroom. Sucji a computer printout would be 
as unrealistic as the curriculum guide and about as unrepresentative 
of classroom reality as are those curriculum guides. 



The preceding remarks may seem to be a clear IndlctTOnt of 
thw writer's previous recommendations ( 71) when it was initially 
recomnedded that the computer be used as to sketch a curriculum 
design. TO some extent this is accurate. On the other hand, this 
is simply a matter of recognizing that considerable Improvements 
have been made in the information processing power of center 
systems since that recommendation was initially made. By utiliz- 
ing Tls IncreLed power the computer has enabled this researcher 
to consider the thinking of pupils in this study from a different 
vantage point and in substantially greater detail. A gross apprais- 
al which was suggested in the earlier recommendations for the com- 
puter to sketch a curriculum design might have been appropriate 
in 1962; but with available hardware and software in computer 
systems, it would be quite inadequate® 

TO illustrate the possibility of providing a diagnostic pro- 
file of individual pupil's understandings and misunderstandings, 
the researcher wrote a computer program which will compute the 
double precision response patterns for the pupils correct respon- 
ses and for their incorrect responses. A sub- routine to this initial 
program will print the English statements so that anyone cw Id call 
for the diagnostic profile of information in a lanpage w^ich he 
would understand. A hypothetical diagnostic profile is provided 
inAPPen.G-9. A flowchart to illustrate the printing of the state- 
men?. In English is Included In Appendix G. A second hypothetical 
profile might call for any random sample of two or more indivia- 
uals within the class, and this diagnostic profile is illustrated 
inAppen.G-10. It should be noted that a computer program has not 
been written to summarize and print the class diagnostic profile 
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at this time. This deficiency is not due to inability of the 
computer systme to handle this, but it is largely attributa e 
to the limited time and resources available to the researcher. 

It is important to note that the computer is capable of pro- 
viding a teacher or a group of teachers with a tremendwsly large 
voluJ of information about any single individual in 
or any collection of individuals in that school. It will do this 
if the information has actually been collected and organized in 
a form which will enable tbe machine to receive, store, and re- 
trieve tbe infommation. 

Indeed teachers already face the dilemma of being overwhelmed 
by informat im about their pupils. Therefore, it is i^ortant 
that some evidence be collected in future studies to identify 
the information which is relevant to important decisions imich 
ordinarily are made by teachers; and to discover wtetever heuristic 
devices may be made available to teachers to exclude that inform- 
tion which is confusing and deceptive in its influence upon their 

declsons • 



At the present time, science instruction in the elementary 
schools does not have sufficient status or high priority to co^nd 
the services of information systems which are necessary for efficient 
instruction. Thia may change. For the present, however, the crude 
estimates in the tables in Appendices A, B, and C may oe helpful 
to curriculum planners who are obligated to make decisions about 
which science topics may be taught to intermediate grade pupils. 



The overwhelming evidence of this study is in clear opposition 
to Bruner's position that "...any subject can be taught to any 
child at any stage in his development in s ome effective and intel- 
lectually honest form." It may be that at some future date, ttere 
will be pharmaceuticals which will alter the chemical equilibrium 
of the brain so that children and adults can learn readily and v;ith- 
out difficulty or misconceptions. It may be that at some future 
date, electro8t«tic generators will be so able to alter the elec- 
tric field of the brain so that vicarious experiences and know- 
ledge will be assimilated by children and adults without difficulty 
and these artificially "charged" impressions will be as permanent 
and meaningful as so called "concrete" experiences have claimed 
to be. However, it does not seem to this researcher that these 
events will come to pass in the next six to ten years. He does 
not believe that these exotic remedies or the prevalent computer- 
assisted instructional systems or the teaching machines other 
highly publicized devices will become so prevalent and efficient 
as to substantially alter the instructional program in science 
for intermediate grade pupils during the next six to ten years. 



During this next six to ten years, 25 to 50 million children 
will pass through the elementary schools of this nation* Teachers 
and curriculum planners must make decisions now that will Influence 
the understanding and the misunderstanding of science topics of 
children presently attending those schools. To do nothing is, in 
itself, a decision. It is the researcher's opinion, that until 
persuasive evidence is available to indicate which pupils can 
profit from study of which science topics, curriculum planners should 
urge caution and practice caution in planning the science program 
for the elementary school children in their charge. 

Many of the generalisations Included in these units of instru- 
ction were much too difficult for these pupils. As long as large 
group instruction or class instruction Is to be continued in the 
great majority of the schools, it brings with it the onus of in- 
ducing a large number of misunderstandings as well as a number of 
correct inpresslons and accurate understandings. Responsible 
curriculum planners must proceed with caution in deciding how they 
will gamble with the thinking of the pupils in their charge. 

The results of this study indicate clearly that it is possible 
to identify the substantial variations which exist in the under- 
standings and misunderstandings of topics which are to be taught 
to intermediate grade pupils. It indicates that the power of highly 
sophisticated computer systmes can be brought to bear upon the in- 
formation processing problems posed by a model of efficient teach- 
ing-learning. 

This study has not demonstrated how this "possibility” can 
be created. It has only demonstrated the feasibility of such a 
system. Until the posslblltly has become a somewhat more plaus- 
ible "reality" in schools in this population, the tables in Appen- 
dices A, B, and C would suggest a conservative estimate of the 
probabilities that large numbers of pupils can understand and retain 
the major generalisations presented in these units of instruction. 

2. Discussion of Analysis of Variance Results. 

A. Fourth Grade Unit Test .Results . One of the consistent obser- 
vations which can be made about the test results of the fourth 
grade classes is that pupils in low-scoring classes consistently 
came from the school community which was designated low socio- 
economic. In particular, this referred to classes #19, 20. In the 
machines pre-test (M12) and post-test (M23), these two classes 
were consistently low. When the Bartlett's Test indicated that 
there was a significant difference among the variances of the 
grade 4 classes, the classes (#19,20) ordinarily were the ones 
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which had fhe smallest- class variance vthich contributed to the 
significant differences identified by the Bartlett s Test. More- 
over it was consistently the case that these classes had sub- 
stantially lower mean scores than did the other fourth grade classes. 
This was the case in the electricity pre-test (E12) and the pre- 
test for heat (H12) . It also occurred when the Bartlett s Test 
indicated significant differences in the electricity post-test 

(E23). 

The analysis of variance results simply reiterate what was 
evident in the graphical analysis and which was reiterated in the 
standardized tests of reading comprehension, science achievement* 
and verbal intelligence. That is, pupils from low socio-economic 
comnunities are not as proficient as pupils from middle and high 
socio-economic communities in the information processes tasks 
which are implicit in these unit achievement tests and the stand- 
ardized achievement tests. They are not as successful in symbol 
manipulation and in the conventional language processing skills. 

This is not a new finding, but merely reiterated what a large 
number of other studies (5) have already documented. 

In the fourth grade group, class ^9 and class #38 as well as 
class #10 on occasion, have distinguished themselves as scoring 
significantly higher than the other classes. If one considers their 
scores on the standardized tests for reading comprehension and 
science achievement and verbal intelligence, thede classes include s 
substantial number of pupils who are very capable in the informa- 
tion processing tasks which are measured by these particular tests. 
These pupils were able to apply their skills in language and infor- 
mation processing to excell in their studies of these topics. 

Fifth Grade Unit Test Results . Inspection of the analysis 
of variance tables for grade 5 pupils indicated that class (#1, 21) 
were consistently lower than the other fifth grade classes. This 
was the case on the machines pre-test (M12), machines post-test 
(M23), and when class #1 was no longer in the study because pupils 
in that class were promoted to another school, class #21 continued 
to score significantly below the other fifth grade classes on the 
remainder of the unit achievement tests. 

Classes #1, 21 were from low socio-economic communities in 
separate parts of the city of Detroit. However, they shared this 
In common: they were substantially below their expected grade 

level for reading comprehension, science achievement, and verbal 
intelligence. This inadequacy in information processing skills 
revealed itself in the inadequacy to maintain achievement levels 
comparable with other grade five pupils in the sample. 
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Inspection of graphs for class ^2 seemed to support this 
Impression. Class #2 had log-normal distributions for two of 
the unit achievement tests. When there was a normal distribution 
of scores, the average rate of change, as indicated by the slope of 
the curve for scores in class #2, compared favorably with the slope 
of the curves indicating average rate of change for other grade 5 
classes . 

Among the high-scoring classes, one would call attention to 
class #12, 32, 39, and classes #6, 15, and 26. The first group of 
these classes scored consistently higher than most of the other 
classes in the fifth grade sample on most of the unit achievement 
tests. The second group of theses classes also tended to acore 
higher than the other fifth grade classes, but were not as consis- 
tent as the first group in making high scores. Inspection of the 
mean scores on the standardised achievement tests for these six 
classes indicated that they were at or above the expected grade 
equivalent score in reading comprehension, science achievement, 
and verbal intelligence. 

C. Sixth Grade Unit Test Results . Inspection of the analysis 
of variance tables indicated that for the machines pre-test (M12), 
classes (#22,3,4) were low in comparison to the other sixth grade 
classes. Classes #3 and #4 were consistently low in achievement 
throughout all of the tests for the units conducted in this study. 

It was not possible to obtain heat retention test data for pupils in 
classes #3 and #4 and this made it impossible to have complete 
test data for those classes for the (H23) test. These pupils had 
been assigned to several junior high schools throughout the city 
of Detroit, and it was impossible to locate them and administer 
the heat retention test. However, they were available for testing 
for machines, electricity, and the (H12) test for heat. Pupils in 
these classes were from low socio-economic school communities. In 
the one instance where the Bartlett’s Test indicated that there 
was a significant difference in the variances of the sixth grade 
classes on a particular test, it was classes (#3,4,22) which 
accounted for this significant difference. These three classes 
made low mean scores and they also had low standard deviation 
scores which indicated that the variances in achievement within 
each of these classes was significantly smaller than the variances 
In the other sixth grade classes. 

If one considers the achievement of these three classes on the 
measures of reading comprehension, standardized science achievement 
test, end verbal intelligence it indicated that pupils in these 
classes were significantly below the other sixth grade classes. 

This also indicated tbit the pupils in these classes did net have 
the skills required to process information in the large class setting 
which characterized instruction for this study. 
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Classes #58, 35, 37, 13, 40, and 8 distinguished themselves 
by consistently scoring high on the unit achievement tests. Inspec- 
tion of the standardized science tests indicated that pupils in 
those classes also scored high on this test as well asF high on the 
reading comprehension test and average on the verbal intelligence 
test. In indicated that the relatively strong background of science 
information and language skills were helpful to pupils in these 
classes during the instructional program. 

In summary, it seems evident from the preceding discussion 
that success on any of the units depended upon certain information 
processing skills or language skills, as some persons may prefer 
to call them. 

Pupils in low socio-economic communities were consistent in 
scoring below their counterparts in middle and high socio-economic 
communities. This is not to say that many of pupils in the low 
socio-economic community did not "succeed” in understanding and 
learning some of the materials presented in the units of instruction. 
However, it was indicated by the analysis of variance that these 
pupils were unsuccessful in making comparable gains. This is not 
to say that these pupils in low socio-economic communities cannot 
learn or understand these ideas. It does say that under existing 
conditions these pupils will consistently be less successful than 
their counterparts in the middle and high socio-economic communities. 
It does not say that all pupils in low socio-economic communities 
will score lower. On the contrary, there is evidence to Indicate 
that some pupils are able to do as well or better than their counter- 
par^s in comparable grades. However, in terms of averages (as 
elusive as the term average may be), this study supports the results 
of other studies ( 5 ) which have Indicated that pupils in low 
socio-economic communities will achieve less successfully than 
their counterparts in middle socio-economic and high socio-economic 
communities. 

3. Discussion of Gain Scores 

The distribution of gain scores for these three grade groups 
was very similar when one considers the relative gain. Although 
there were variations within a given class and among classes in the 
amount of gain made by individual pupils, it seems apparent that 
the average gain as a result of instruction for any one of the 
three units seemed to vary between 4% and 97.. If one may infer 
that the achievement tests provided adequate estimates of the 
amount of understanding or learning which occurred as a result of 
instruction, then one may infer that an average of 4% to 97. of all 
of the content which was presented to children during the instruc- 
tional program was understood and retained. That is, average gains 
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of t’O 9% were made in pupils* understanding. 

A eain of Vt. to 9% may seem to be a very modest im^ovement. 
However^ if one considers the fact that approximately lOT of f^e 
S ieek was invested in study of any one of the t^ics included 

in this project, then it appears that an °i„_r- 

study time will precipitate an average gain of « J"''® 

erade oupils. It is important to note that if this is the 

OTetaee lain Ihire were certainly youngsters who made great pro- 

Ind achieved substantially larger gains. There was a corres- 
llldlnl grilp of youngsters who gained little or nothing from the 
Lif of instruc^ion. Indeed, the evidence indicated that there 
was a group of youngsters who formed and retained several miscon- 
ceptions as a result of the instruction. 

If is the researcher's view that this discrepancy between 
actual glin or loss as a result of instruction should be primary 
|™lide«tion of persons who seek to develop a science program for 
Children in the elementary schools. This instruction may be con- 
sidered appropriate for those youngsters who made reasonable ga ns 
as a result of instruction. The exact definition or 
the meaning of the expression, "reasonable gain must be considere 
carefully by t-hose persons responsible for organizing the e emen- 
tary school curriculum. 

Table 23 was compiled by subtracting each pupil s double 
precision score of correct responses to a particular ^ . 

the total possible 50 correct responses, and computing a 
^o estimate the per cent of the total test which was unkno^ i-o 
Jhe pupil before and after instruction. The table shows 
proportions of information unknown by the pupils ^ 

tion ringed from 717. to 87%. It indicates that there was a sub - 
«#.an^ial ranee of about 57. to 97. in the differences in initial 
,corl» Ide by fourth grade, fifth grade, and aixth grade pupil, 
prior to instruction in one of the topics. 

At the conclusion of study, the mean proportions ranged from 
63% to 847. of the test items unknown to pupils after instruct on 
had concluded. In each case the higher grade group ^ 

instruction by comprehending and retaining more than 
g«drgloup. Mean gain scores also tended to favor the grade 

pupils^over the fourth grade pupils, as well as the sixth grade 
^pils over pupils in the fifth grade or fourth grade. 

It should be remembered that in each grade level there were 
Individuals who entered with considerable previ^s knowledge of 
the topics to be presented and they varied in the amount ^ains. 
rtire «« olher lupil* i" ®®®‘* grade level who entered with very 
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Tabic 23 



ICAN PER CEHX OF lESI UNKNOWN BY PUPILS 
M START and conclusion OF EACH UNIT 



Mcca Scorec 

Per Cent Unknown 
Inetructlon 


(Per Cent) 

Per Cent Unknown 
After Instruction 


Grade 4 


Machines Test 


84% 


77% 


Electricity Test 


87% 


84% 


Heat Test 


80% 


75% 


Grade 5 


Machines Test 


80% 


70% 


Electricity Test 


83% 


77% 


Heat Test 


74% 


68% 


Grade 6 


Machines Test 


75% 


67% 


Electricity Test 


81% 


73% 


Heat Test 


71% 


63% 



large amounfs of t:he test material unfamiliar to them; and they 
concluded their studies with varying amounts of improvement, i.e., 
some made remarkable improvement while others seemed to regress 
or make no improvement. 

The previous remarks have dealt exclusively with levels of 
success of pupils in different grade groups. If one wishes to con- 
sider the success of individual pupils, this is a much more com- 
plicated task. The reader must consider the tree diagram shown 
in Figure 20 which indicates the possible response pattern to a 
single test item on one of the unit achievement tests. This tree 
diagram has 36 possible response patterns for a single test item 
administered to provide a prc'-test, post-test, and retention test 
measurement . 

If this number of possible response paths is multiplied by a 
factor of 150 for the total number of test items on all three unit 
achievement tests, then this indicates the possible response paths, 
available for a single pupil on the three unit achievement tests. 

If one wishes to consider 100 pupils at random from the group, 
then the previous total must be increased by a factor of 100. 

The numbers of elements in such a task is not impossible to analyse, 
but it is well beyond the objectives and expectations stated for 
this research project or anticipated for this research project. 

Several other questions occurred to the researcher to pursue, 
but this was not possible under available time and resources. At 
this point in the project, one can only pose these questions and 
Comment briefly upon them in the discussion. Close inspection 
must wait for a later study. For example, consider the following 
question. When a pupil made improvement after instruction, did 
he improve by making more correct responses to relatively simple 
test questions, i.e., (probability of success ^ 507.)? It's con- 
ceivable that one or two correct responses to rather difficult 
questions (probability of success ^ 257.) could signal a profound 
insight into the major generalization being measured by the test 
item. Other questions might be posed about the complexity of the 
error responses made by pupils. Certainly some of the basic mis- 
understandings could lead to considerable confusion and frustra- 
tion on the part of pupils trying to interpret the conventional 
models presented in science textbooks or in class discussions. 

For example, some pupils clearly misunderstood the model of the 
Bohr atom, with a positively charged nucleus, which has one or 
more negatively charged electrons traveling around the nucleus. 

Some pupils considered the nucleus to be called an "electron", and 
that positively charged particles called "nucleus" were traveling 
around the outside of it. 
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This is a clear misconception of the model, and subsequent dis- 
cussions which attempt to build upon understanding of this model 
can only lead to thorough confusion in the minds of children who 
have thus misinterpreted the model. Misconception piles upon top 
of misconception with only a modest prospect that someone or some 
event will help the child bring an ordered arrangement into his 
thinking. 

4. Instrucfion by Classes with Science Specialist and Wifh- 

out Specialis^ 

Since ^here was not a suburban class which had pupils from 
low socio-economic communities and there was not a Detroit class 
which had pupils from a high socio-economic community, the clearest 
comparison befween fhese two types of instruction was evident in 
classes serving middle socio-economic coramunitities. These could 
be compared at ^he fourfh, fifth, and sixth grade levels. 

At each of these grade levels, there were instances in which 
significant differences occurred among classes having the same 
science teacher and there were instances in which significant dif- 
ferences occurred befween classes having different science teachers. 
In no instance was there a consistent tendency among the middle 
socio-economic classes to establish significantly higher scores in 
favor of classes receiving instruction from the special science 
teacher or in other classes receiving instruction from a non-special- 
ized science teacher. Inspection of the analysis of variance tables 
in the preceding sections did not reveal significant differences 
among any of the classes in the middle socio-economic communit ies 
which mighf be attributed to having a special science teacher or 
having a non-specialized science teacher. 

If one accepts the proposition that a person charged with feach- 
ing a single fopic can become more proficient at teaching that sin- 
gle topic than another person charged with teaching several topics, 
then it is reasonable to ask; Why didn’f the science specialist 
produce classes which scored substantially higher than the classes 
taught by non-specialized teachers? 

Several possible explanations may be offered, but the writer 
will content himself with the following int-erpretation. The pre- 
vious training of the science specialists and the abundant supply 
of materials at their disposal made it possible for them to 
provide science learning experiences superior to their counterparts 
in the suburban schools, in the judgement of the researcher. How- 
ever, the science specialist had to conduct instruction in classes 
of 30 or more pupils for relatively brief periods (30 to 50 minutes) 
and to a large number of these classes each day. His energies and 
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talentrs were distribuf-ed over a large number of pupils, with a cor- 
responding dilution of his Influence upon any single pupil* It is 
analogous to sprinkling a football field with a gallon of water. 

In the suburban school coumunities* the teachers* energies and 
talents were distributed over a large number of subjects and science 
was only one of those subjects. Since much of the planning and or- 
ganization of materials had been done for the teacher by the research- 
er, and the customary instructional organization was for lafge groups, 
l,e,, class size of 25 pupils or more, the precision of instruction 
delivered by the suburban teacher was easily comparable in quality 
to the precision of instruction deliverable by the science special- 
ist under his teaching circumstances, 

5', Teacher Experiences and Achievement on the Unit Tests 

Table 22shows the education and teaching experience, of the 
teachers who participated in the study. With one exception all 
teachers had completed a Bachelors Degree and all of the teachers 
had a Michigan Provisional Certificate or a Michigan Life Certifi- 
cate* Inspection of the number of college science courseis and 
the analysis of variance for classes in grades four, five, and six 
does not indicate a significant relationship between total number 
of hours completed in science and success on any of the Unit 
Achievement Tests, 

For example. Teacher #3 had the highest number of college 
science courses completed, ana he was a science specialist teaching 
in the Detroit schools. In one of his fourth grade classes (#9), 
pupils scored significantly higher than pupils in another class 
(#10) which also received instruction from that science specialist. 
Pupils in class #9 had very high scores on the standardized science 
achievement test. Class #10 scores on the standardized tests were 
comparable to the other grade 4 classes and these pupils did not 
score significantly higher on the unit achievement tests than other 
comparable fourth grade classes in middle or high socio-economic 
communities. 

For pupils in the low socio-economic community* one science 
specialist teacher had extensive teaching experience (14 years) 
and a substantial number of college science courses completed (12), 
Another science teacher working in Detroit schools with pupils 
in low socio-economic communities had completed a small number of 
science courses (3) and had 4 years of teaching experience* A 
third teacher has an extensive background of undergraduate studies 
in science and was in the initial year of teaching. In each sit- 
uation, the pupils in those classes scored significantly lower 
than pupils at the same grade level in middle socio-economic 
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commsnltles in which th® science specialist was used* Those same 
classes scored significantly lower than pupils in the same grade 
in middle or high socio-economic communities, idien science instruc- 
tion was presented by a non- specialist • 

This leads the researcher to the conclusion that under existing 
conditions in schools throughout Metropolitan Detroit, the number of 
college science courses completed, or the years of teiichlng experience 
are not istdlcative of success in the study of science under the con- 
ditions prevailing in this study. 

6. Time Devoted to Instruction 

Tables 19 thru 21 provide summaries of teachers' answers to 
questionnaires following their instruction for the units of simple 
machines, electrical energy, and heat energy. These tables indicated 
that all teachers spent about the same amount of time during a 
class period of instruction. The approximate total hours of 
instruction varied considerably according to the teacher's reports. 

The suburban teachers apparently spent more total hours devoted 
to classroom instruction than did the specialist teachers in Detroit. 
For the suburban teacher, a median of approximately 15 hours of 
instruction was devoted to the machines unit. For the Detroit 
specialist, the median was 10 hours. For electricity the suburban 
school teacher spent a median of 13 hours of total Instiructlon. 

The Detroit science specialist spent a median of 10.5 hours of total 
instruction for electricity. For heat energy the Detroit teachers 
spent a median of 13 hours for total instruction. For the suburbs, 
the teachers spent a median of 12 hours of total instruction. for 
heat. 



If one considers the amount of time spent by the various 
teachers in instruction for their respective classes and the 
levels of success indicated by the preceding analysis of variance, 
there does not seem to be any substantial relationship between 
amount of time spent in study of some particular topic and success 
on one of the achievement tests for the topic. 

It should be noted that staticKcal teats were not made to 
determine whether or not these reiat--^ <hips between number of 
college science courses, teaching experience, total amount of time 
invested in instruction were significantly related to success on 
any of the achlvement test variables. These conclusions were based 
upon inspection of the analysis of variance tables and tabulations 
of teachers' responses to the questionnaires. 
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V, CONCLUSIONS, IMPLICATIONS, AND RECOMMENDATIONS 



Conclusions Regarding Pupils' Success 
On Unit Achievement Tests 



A. At each grade level there appeared to be one or more classes 
in vhich the pupils scored significantly higher than the other 
classes at the same grade level. High-scoring classes occurred in 
Detroit schools and in suburban schools. 

B. Pupils who were low on the unit achievement tests were 
ordinarily low on the standardized measures of reading comprehen- 
sion, science achievement, and verbal intelligence. 

C. Pupils in low socio-economic communities scored significantly 
lower on the unit achievement tests than did their counterparts in 
the same grade in the middle or high socio-economic communities. 

D. When the Bartlett's Test indicated that there were ilgnlfi- 
cant differences attributable to the variances of scores among the 
classes, the low socio-economic classes consistently had smaller 
variances and lower mean scores than did the other classcis at the 
same grade level. 

E. There were no significant differences in the achievement of 
pupils in grades 4, 5, or 6 of the middle Income communities when 

vere taught by a science specialist or when they were taught 
by a teacher who was not a specialist in teaching science. 

F. There was no significant differences in the achievement of 
pupils in grades 4, 5, or 6 to indicate that the number of years 
of teaching experience, previous college undergraduate science 
courses, or total hours a unit was taught had enabled a particular 
class to excel on that unit achievement test.^ 

G. Sex differences in achievement on the unit tests were 
sporadic and tended to occur at the beginning on the pre-test for 
a particular unit. When these differences did occur, they tended 
to favor the males scoring higher than the females; however, this 
superiority ordinarily disappeared and was not prevalent on the 
post- tests. 



2. Concluilons Regarding Item Analyees 

A. Double precision scoring made it possible to identify those 
pupils who appeared to understand the test item generalisations 
before instruction as well as those pupils who understood the same 
generalization after instruction and retained that understanding 
for three to five months. 

B. The test item generalizations which were included in the 
study ranged from those which were simple (probability of success 
707. or more) to those test item generalizations which were diffi- 
cult (probability of success 257. or less) • 

C. There was a high positive relationship between pupils' 
success on the pre-unit test and their success on the post**unlt 
test. 



D. There was a substantial positive relationship among the 
various unit achievement tests. 

E. Use of the confidence belts in Appendix D made it possible 
to estimate the probable error for each of the probability estimates 
which are listed in the tables in Appendices A, B, and C in the 
study. 

F. At least four patterns were evident as a result of the item 
analysis of pupils' correct responses: 1) For some test items the 
pupils did not substantially alter their success before instruction 
and after instruction, 2) For some test items the pupils in grades 
five and six scored substantially higher than pupils in grade four 
without having substantial differences between grade five and grade 
six pupils, 3) For some test Items there was an Increasing order 

of probability of success from grade four to grade five to grade 
six, 4) A fourth pattern was noticeable in which there was a sub- 
stantial increase In the per cent correct responses to a test item 
for all grade groups from the pre-test to the post-test. 

3. Conclusions Relating to Pupils' Error Patterns 

A. It was possible to identify consistent misinterpretations 
which pupils made before instruction as well as those which they 
made directly after instruction and retained for three to five 
months . 

B. The inspection of the error responses for a given grade 
group indicated that when the probability of success was less than 
25%, a substantially large number of pupils selected incorrect res- 
ponses and retained those response patterns for three to five 
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months. When the per cent correct responses to a test item occurred 
at the 507. mark or above, the per cent of error responses was modest. 

C. A substantial proportion of the pupils at each grade level 
either changed their minds or did not understand several of the test 
item generalizations. This is particularily evident when the double 
precision correct response accounts for 1011 or less in a sample and 
the double precision error response accounts for 10 to 157. in a 
sample. This clearly indicated that 757. of the sample were con- 
fused or uncertain about the t^at item question and the conventional 
answer. 

D. Several of the ideas included in these units of instruction 
were apparently too difficult for a substantial number of the inter- 
mediate grade pupils who were taught under large group conditions 

In the schools in Metropolitan Detroit. 

E. A computer program may be used to identify and state in 
English the test item generalization which is understood by pupils 
according to their item responses^as well as those test item general- 
izations which are clearly misunderstood by pupils. However, it 

is apparent that the computer can deliver large volumes of infor- 
mation about a pupil, and teachers will need help in determining 
which information they want to consider in making a specific 
decision. 



4. Conclusions Regarding Pupils' Gain Scores 

A. The unit achievement tests indicated that pupils in grades 
four, five, and six began instruction with 80 to 90% of the content 
not understood and they concluded Instruction with 65 to 754 of the 
content not understood. 

B. The mean gain scores made by fourth, fifth, and sixth grade 
pupils ranged between 57. and 107., If the unit achievement test 
can be considered an estimate of the total number of ideas under- 
stood and retained out of an entire unit of instruction, then it 
seems to indicate that pupils gained 57. to 107. of the entire set 

of ideas presented in the unit. 

C. It seeroa to be a rule of thumb, that if large group instruc- 
tion is to consume 107. of the pupils' school week, then the average 
gain for those pupils will be between 5% &nd 107.. 

D. Differences between pre-test and post- test scores indicate 
that there was considerable diversity among individual pupils in 
each grade level in the per cent gain made. Some pupils entered 
with 957. of the material unfamiliar and unknown to them as indicated 
by the pre-test and concluded the study with 957. of the materials 
unfamiliar and unknown to them. 



104 



There are some indications that those pupils may have developed 
more misunderstandings than they had when they began instruction, 

E, One group of youngsters entered with 907. to 957. of the 
content unfamiliar and unknown to them as indicated by the pre~test» 
and made gains of 207. to 307. as a result of the large group instruc- 
tion, Another group entered with 50% to 60% of the content unfamil- 
iar to them and concluded instruction with 507. to 607. of the content 
unfamiliar to them. Another group entered instruction with 507. 
to 60% of the content unfamiliar to them as indicated by the pre- 
tests and concluded the unit of instruction with 307. to 407. of 
the material still unfamiliar to them, 

5, Conclusions Resulting from Graphical Analysis of Data 

A, Graphical analysis of the data provided additional checks 
to enable the researcher to interpret changes in achievement which 
occurred within classes. 

B, Graphical analysis indicated that for the majority of the 
classes, a normal distribution was a good approximation of the 
distribution of pupils* scores before and after instruction. How- 
ever, several variations including log normal aw skewed distri- 
butions also were required in order to define explicitly the pat- 
tern of scores within a given class , 

C, Among ^hose classes which had normal distributions on the 
pre-test and normal distributions on the post-test, the most fre- 
quent pattern involved an increase in the median score from the 
pre-tast to the post-test accompanied by an increaije in the slope 
(average rate of change) and this was designated as hypothetical 
case #6, This clearly indicated that the portion of the class 
above the median on the pre-test made significantly larger gains 
than did the portion of the class below the median on the pre- 
test. 



D, Among the classes having normal distributions on the 
pre-test and normal distributions on the post-test, the second most 
frequent pattern occurred in classes where the median score was 
significantly increased on the post- test but the slope or average 
rate of change was not substantially altered. This indicated that 
the entire group made a significant change, but that the improve- 
ments were distributed evenly throughout the entire class, 

E, The largest number of patterns noted were those in which 

a normal distribution occurred on the pre-test and a normal distri- 
bution occurred on the post- test. There did not appear to be a 
large concentration of other combinations involving normal, log 
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normal, or skewed distributions. 

F, When skewed distributions did occur, these were consistently 
positively skewed distributions. For pupils in 
high socin-economic communities they never coincided with signi 
cantly lower class scores as indicated by the analysis of variance. 
However, when skewed distributions did occur for ^pils 1" the 
low socio-economic conmunities, they frequently did coincide wit 
significantly lower scores as indicated by the analysis of variance. 

6. Implications of Study 



A, One of the salient implications of this study was that the 
conventional classroom requires a rather sophisticated information 
system in order to approach reasonably efficient operation in 
identifying individual patterns of pupils* thinking. Throughout 
the school day, pupils are providing teachers with iriformation 
about themselves and with indicators to show how their instructional 
program should be designed. However, teachers must rely upon rela- 
tively crude techniques for collecting, analyzing, and retrieving 
this information; therefore, these insights provided by pupils pass 
relatively unnoticed. 



This study clearly indicated that optical scanning equipment 
can be utilized to encode categorical information about pupils 
understandings of science generalizations. Computer analysis of 
these categorical responses enabled one to extract considera 
information from these responses. Computer printouts in ^^Slls 
can indicate the individual's understandings and misunderstandings. 
With the storage and retrieval systems which presently 
information about individuals or groups can be retrieved rap i y 
and delivered to the classroom teacher to facilitate decision- 
making. 



It will take a substantial amount of time to develop ways 
of determining which information is clearly relevant to the var ous 
decisions which are made by teachers, as managers of the instruc- 
tional program. However, considerable progress can be made with 
existing "know how” and heuristic adaptations. 

Without an adequate information system to collect and analyze 
the tremendous amounts of information which consistent y om ar 
the classroom teacher, coupled with the voluminous 
clerical details, most teachers are forced to "pace themselves 
in order to survive the rigours of the teaching- learning situation 
in contemporary classrooms. 
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To be sure, classes can be assembled. Teachers can meet with 
classes. Papers can be distributed, marked, scored, and grades 
assigned. Television sets may be turned on and permitted to run 
ad nauseam . 

Undoubtedly, many pupils have been able to learn a great 
deal under these circumstances and those types of pupils will con- 
tinue to succeed in spite of the circumstances. However, tbs evidence 
in this study suggests that with precise delineation of pupils' under- 
standingsand misunderstandings in science, as well as in other cur- 
riculum areas, it is possible to utilize our available technology 
and our available human resources to enable pupils to achieve rates 
of learning which would be ejfponential. 

B. Another implication of this study relates to the use of the 
science specialist in the Detroit Public Schools. In the judgement 
of the researcher, the Detroit Public Schools have a reservoir of 
the most able science specialists and the best equipped science 
rooms in any urban school district in the nation. However, the time 
and energies of these teachers is distributed over large numbers 
q£ relatively young children, who in many cases are not living 
under stable family conditions. Under these circumstances, the 
science specialist cannot concentrate his talents upon the tasks 
which he is uniquely equipped to undertake, i.e., teach science. 

The evidence indicates that his efforts are comparable to the efforts 
of other college graduates with modest preparation and study in 
the physical and biological sciences. 

It would seem to be appropriate to re-examine the role of science 
in the elementary schools of Detroit. It might be, possible to utilize 
television or films or other mass media, in order to release the science 
teacher to work with fewer children and for longer periods of time. 

It might be appropriate to consider excluding formal instruction in 
science from some of the elementary school grades in order that the 
talents of the science specialist can be brought to focus upon the 
task of teaching science to fewer children. 

It is a superficial assessment to think that because a class 
of pupils meets with a science specialist for a certain number of 
minutes per week that they are learning "science'.' and getting some- 
thing beneficial in science instruction. 

C. Another implication of this study is relevant to publishing 
companies who prepare textbooks for the elementary schools. It 
suggests that they reconsider the content of their textbooks, at 
least for the three physical science topics touched upon in this 
study and for the intermediate grade group of children. It seems 
reasonable to inquire into the empirical basis for the content 
which is normally included in the elementary school textbook 



It seems to tHis researcher that the publishers of elementary 
school textbooks and their authors have enjoyed an inEmmity from 
critical and penetrating appraisal of the evidence which supports 
their publications. Since the leading science educationists have a 
vested interest in improving the quality of these publications, 
it seems appropriate that these science educators should take the 
initiative by urging that intensive and representative research 
be undertaken to establish valid and reliable evidence of the con- 
tributions of their publications. Tremendous amounts of money 
are being invested in the "education market". The results of 
this study indicate that it is possible to collect evidence to 
document the successes and the failures of science instruction in 
representative classes of urban schools. In the judgement of this 
researcher, it is important for curriculum committees,- who make 
recommendations for purchasing one or more series of textbooks, to 
ask for hard and persuasive evidence to indicate the usefulness 
of these instructional materials with specific groups of pupils. 

D. Another implication of this study is for experimental groups 
who are probing to discover new ways to impro\re teaching one or more 
science topld to elementary school children. As mentioned previously, 
this study has provided a set of "bench marks" which may be utilized 
relative to the three topics in physical science which viere presented 
in this study. It may be that programmed instruction, computer- 
assisted instruction, or one of the "process" o .anted approaches 
to teaching science will be able to improve substantially upon 
the probability estimates which have been reported in the present 
study. It may be that teaching one or more of these generalizations 
for a prolonged period of time, i.e., three weeks, six weeks, three 
months, may alter substantially the probability estimates which 
have been reported. These probability estimates are certainly 
not absolute standards to be adhered to rigidly, and such replf.ca- 
tions or exf^ensions of this research would be welcomed by this 
researcher. 



7. Recommendations 

A. It is recommended that a comprehensive study be undertaken 
to provide similar "bench marks" to indicate the probable success 
of teaching major* generalizations from other science disciplines, 
i.e., biology, chemistry, as^onomy, geology. Such a study would 
seek to identify salient topics and generalizations in each of these 
disciplines, following a procedure of documentation and consulta- 
tion which was defined in the present study. These estimates should 
be collected over a period of at least three years and such a 
study should be undertaken soon. 
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B.It i« recowmtnded that « pilot ichool be established in which 
A computer-based information system, coupled with appropriate 
microfilm storage and retrieval unit#, could be 
plore the effectiveness of diagnosing pupils understandings and 
misundei standings and altering the i"»»''^<^tioMl program ^ 
these understandings or misunderstandings could be dealt 
plicitlyand on an individual basis. It ie suggested that inte^iews 
and similar evaluative techniques be employed to supplement multiple- 
choice test questions which have been utilized by the researcher 
in the past* This would provide an additional check or series of 
checks upon the accuracy of the results and the conclusions. 



G. Obviously, it would be desirable to have Independent repli- 
cations of the present study to indicate deficiencies or limitations 
which the researcher has identified or neglected to indicate. Re- 
plications of the same study in other urban centers such as New 
York, Los Angeles, and Chicago. could be very helpful and enlighten- 



ing. 



It would be valuable to have this study replicated but with 
the addition of one or more of the promising and new approaches 
to classroom instruction, i.e., computer-assisted instruction, 
programmed instruction*. Intensive studies of the same topic over 
a long period of time should be conducted to determine the extent 
to which these probability estimates may be altered by prolonged 
instruction of the same topic. 

D. It is recommended that further research be undertaken to 
follow the error patterns which were explicitly identified in this 
study. This study has only hinted at the persistent nature of the 
gross misconceptions which characterised some pupils in the study. 

It would be important to determine the extent to which these gross 
misconceptions evolve into active interference with desirable learn- 
ing patterns. Moreover, such studies should undertake to determine 
the emotional loadings which accompany the persistence of uncorrected 
error patterns. It seems to the writer that he would soon learn 
to hate the subject called "science instruction," if he was forced 
to attend classes where he consistently failed to comprehend what 
the teacher was explaining or demonstrating or trying to help him 
learn. The emerging instructional technology has the capability 
of identifying these patterns of error so that instruction can be 
directed precisely to the pupil's inadequacy or to a point which 
will enable him to extend his proficiency. 
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VI. SUMMARY 



Problem - This study was concerned with the problems created 
by a lack of empirical evidence to indicate which topics in the 
physical and biological sciences can be taught to elementary school 
children with reasonable expectation that they will understand, 
retain, and use those ideas to interpret the world in which they 
live. There is little empirical evidence to indicate which of 
these science general iza^ ions can be taught by using the available 
teachers, time, and material resources which have been committed 
fo science education in the schools in Metropolitan Detroit. 

Specifically, this study was concerned with identifying cer- 
tain generalizations about simple machines, electrical energy, 
and heat energy; and securing probability estimates that rand^ly 
selected classes of pupils in Metropolitan Detroit would be able 
to understand and retain those ideas. 

B. Qblectives of Study - There were eight specific objectives 
in this study. 

1. Identify several valid and significant generalizations about 
electricity, heat energy, simple machines. 

2. Construct multiple- choice test items to provide estimates 
of pupils' understanding of those generalizations. 

3. Organize units of instruction for these topics and carry 
out instruction with randomly selected classes in Metropolitan 

Detroit . 



4. Use item analyses of the unit tests to estimate probable 
success of pupils in understanding these generalizations before 
and after instruction. 

5. Use these per cent correct responses to form probability 
statements that other pupils in the population will understand 

a specific generaliza^ion. 

I 

6. Provide estimates of ^he error of there probability state 
ments. 



7. Arrange these probabili^y statemen^s and science generali- 
za^ions in a form which could be readily used by curriculum plan- 
ning groups throughout the nation. 
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8, Usp. a computer program and the empirically derived proba- 
bility estimates to make tentative curriculum recommendations for 
the classes in the participating schools. 

C. Methods of Study 

1. Generalizations were selected that were considered to be 
appropriate for pupils in grades 4 through 8, Each statement was 
documented as being significant according to its presence in one 
of two college physics textbooks written by prominent physicists. 

The statements were documented as being present in the textbooks 

of prominent science educations its. The statements were also docu- 
mented as being valid and significant in the judgement of two of 
the following consultants; university physicist, science supervisor, 

and science teacher. 

2. A stratified random sample was selected from the schools of 
Metropolitan Detroit and this included approximately 1,200 pupils 
in grades 4, 5, and 6. The pupils were selected according to 
strata for the city of Detroit where science was taught by science 
specialists and the suburbs where science was taught ordinarily by 

a non-specialized classroom teacher. The strata included low, 
middle, and high socio-economic school communities, in which the 
low socio-economic community was composed primarily of Negro pupils. 
The middle and high socio-economic communities were composed pri- 
marily of Caucasian pupils. 

3. Teachers were provided with an instructional plan, film- 
strips, science kits of apparatus, and brief consultations with 

the researcher to discuss the general plan of instruction. Teachers 
were free to impliment the instruction according to their teaching 
circumstances, but they agreed to follow the unit plan in general. 
The three units for simple machines, electrical energy, and heat 
energy were presented during the school year 1965-1966 to all inter- 
mediate grade pupils in the sample. 

4. Multiple-choice tests were written by the researcher for 
each of ^he major ideas in the units of instruction. Research 
a8sls^ants administered the pre-tests and posf tests. They also 
adfyilnis tered a retention test tb^®® to five months after instruc- 
tion had concluded for a given unit. Teachers were not present in 
the classroom duting any of the testing. Standardized tests of 
reading comprehension, science achievement, and verbal Int.elllgence 
were also used. 

A procedure known as ’’double precision” scoring was devised 
by the researcher to score pupils' responses on the unit achieve- 
ment tests. The researcher wrote a computer program which would 
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examine a pupil' a reaponee to *n item on the unit t*®t administered 
before inatruction as well aa after instruction had concluded. The 
pupil would be credited with a double precision correct response 
on the pre-test > i^ he selected the same correct response to the 
same test item before and after instruction. The program examined 
the pupil's response to each item on the post-test and on the reten- 
tion test. It credited the pupil with a correct response on the 
post-test^ if he selected the same correct response on the post-test 
and on the retention test. 

Validity of the test items was based upon the judgement of a 
university physicist* a science supervisor, and a classroom teacher. 
Reliability of each unit achievement test was estimated by a 
Monte Carlo simulation procedure which was devised by the researcher. 

An estimate of the probable error of each proportion has been 
provided so that the reader may estimate the range for each proba- 
bility statement with 907. confidence that the "true" proportion 
or probability value lies within that range. 

D. Results 

1, The main results for this study are the three sets of 
tables included in Appendices A, B, and C, which provide probability 
estimates of intermediate pupils success in understanding major 
ideas about simple machines, electrical energy, and heat energy. 
Inspection of the correct responses indicates that there were at 
least four distinct patterns; 1) For many items there was a con- 
sistent improvement in the per cent correct responses from the pre- 
test to the post-test for each unit achievement test. 2) For some 
items there was a tendency for a higher probability of success to 
occur for pupils in the higher grade groups, i.e., grade 6 over 
grade5, grade 5 over grade 4. 3) There was a tendency on some of 

the items for fifth and sixth grade pupils to be very similar in 
proportion of correct responses and be significantly higher than 
pupils in the grade four sample. 4) There were items which had 
a pattern indicating no significant increase in the proportion of 
correct responses on the pre-test or on the post-test. In this 
group, there were items in which there was also no significant 
difference between the probability of success of pupils in grades 
4, 5, or 6. 



2. A computer program was written by the researcher to provide 
a diagnostic profile for a single individual according to his cor- 
rest responses and his incorrect responses. This profile of under- 
standings and misunderstandings could be printed in English state- 
ments which could be read by the classroom teacher. 
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3, Ttic study rsvsslsd s ptttutn of svtot tsspoiisss fot pupils 
snd for groups of pupils. Son* of the genersllxstlons In esch unit 
were clearly nlslnterpreted before Instruction as well as after 
instruction^ Moreover, these misconceptions wre frequently retained 
for three to five months after Instruction had concluded. 

Vftien one considers the per cent correct responses to a test 
Item and the per cent Incorrect responses to the same test item, 
the double precision scoring prodedure revealed a 
bar of test Items and corresponding science generalizations which 
Sir. unfamlllM or uncertain to a large proportion of the pupils who 
received inefrucfion in e given unit:e 

4, Pupili in cleeiee receiving insfruction from science apeciel- 
isfs did not achieve subifentially higher fhan pupils receiving 
inseruceion from non-epecielired teachers. Instruction typ ca y 
involved 25 to 40 pupils per class, three to ».lve class pe^ious 
week or approximately 10% of the pupils* week xn sencsoxe 

As long as the science specialist must 
the congested conditions prevelant in the Detroit Public ^cuoois, 
it seems to the researcher that he will not us able to asiw«rt his 
talent and superior science background in teaching science to elem- 
entary school pupils. It also seems evident that the science 
specialist would be seriously handicapped in teaching the more subt e 
and complex elements relating to the process goals ot science. 

5. The analysis of variance oi* the unit tests indicated t^t 
nupils in low soclo-econuivdc cto<«i>ajoi.ties scored significantly lower 
than pupils in middle and high socio-economic groups who were « 
the samS grade group. The analysis of variance 

indicated that pupils in low socio-economic comounltles did not 
have the verbal language skills, l.e. skills in processing mfor- 
mation from written or spoken symbols, comparable with other pupils 
in the same grade group. 

6, Graphical analysis indicated that the normal distribution 
wee typical of the dietrlbutlon of unit achievement icetM vii-hln 
moat of the cleeaea before Inetructlon aa well aa after inatru.'t^. 
However, there were var let Iona t^lch Involved leg normal and a iawed 

distributiors. 

Graphical analysis indicated that the instructional program 

enabled thoae puplla who wire i" jhe “PP** 
each claaa to improve aubatantlally more than puplla in the 
achievement Ir^el of a eliaa. K waa not determined . 

tendency waa implicit in the unite' organization, waa characterized 
by group Inatruction in claaaea. in Metropolitan Detroit, or waa a 
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product of ^hefe two elements and other Influences. 

7. There were high positive correlations among the doublu pre- 
cision scores for the pre-test and post-test for the unit achieve- 
ment tests. There was a moderate relationship bett^een the standard- 
ised tests of reading comprehension, science achievement, and verbal 
intelligence with the unit achievement tests. For all of the stand- 
ardised tests, the science achievement test had the highest positive 
relationship to success on the unit achievement tests. 

8. The differences between raw scores upon entering instruction 
and concluding instruction provided estimates of the gains made by 
pupils in the study. Some pupils entered the instructional program 
with 80 to 90% of the material unknown and unfamiliar to them, as 
indicated by their test responses. The gains varied between a loss 
of 6% to gains as high as 407.. This study corroborates the wide 
range of individual differences which have been alluded to in other 
studies (82) . 

E. Recommendat ions 

1. It is recommended that a computer-based information system 
be established to impliment the ideas derived from the present 
study. It is the writer's judgment that the information processing 
tasks which are implicit in teaching science, as well as many other 
topics in the elementary school curriculum, are tremendously com- 
plicated. Substantial improvement in the efficiency and effecti- 
veness of instruction will be achieved when instruction can be made 
more explicit and directed toward individual differences rather than 
toward group norms. It is important for the teacher to have reaction 
and feedback from the pupil so that the teacher can alter instruc- 
tion to help the individual. 

2. This study provided "bench marks" to indicate the probable 
success of pupils in understanding certain generalizations under 
existing conditions, i.e. available teachers, titne, currluclum, 
materials. It is reconmended that a more comprehensive study be 
undertaken very soon to provide other "bench marks" to indicate 
the probable success of elementary school pupils to understand the 
salient ideas implicit in biology, chemistry, astronomy, and geology 
as well as other areas of the physical sciences. That study should 
follow similar procedures of documentation and consultation used 

in this study in order to minimize the errors and problems Involved 
in identifying main ideas and evaluating pupils' understanding of 
those ideas,. 

3. It is recommended that independent replications of this 
study be carried out in other urban centers to det-ermine the extent 
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fo which fhe results derived from this study are supported or refuted 
by an independent source. Such replications should be conducted 
during <^he next three years. They would provide additional evidence 
and a basis of comparison with the accomplishments of innovations 
in computer-assisted instruction, program instruction, process 
oriented instruction, and similar innovations which are being pro- 
posed for the elementary school science program. 

4. It is also recommended ^hat further research be undertaken 
to make a detailed examination of the error patterns, which have 
been identified in this study. It would be important to know the 
extent to which these misconceptions or error patterns have had an 
impeding influence upon future learning of a particular topic* 

5. Finally, it is recommended that publishers of textbooks 
and other educational materials for the elementary school science 
program be urged to collect adequate empirical evidence to document 
the utility of their materials. 



VII REFERENCES 



1. Ashby, W, Ross. ^ Introducflon to Cybernetics . New York; 

John Wiley & Sons. 1963. 272p. 

2. Atkin, Myron J. "University of Illinois Elementary School 

Science Project-- 1964," Journal of Research in Science 
Teaching . II, 1964. p. 238-239. 

3. Ausubel, David P. The Psychology of Meaningful Verbal 

Learning . New York; Grune & Stratton. 1963. 239p. 

4. Beauchamp, Wilbur L., et.ajL. Discovering Our World . Books 1, 

2&3. Chicago: Scott, Foresman & Co. 1957. 25 6p. 

5. Bernstein, B.«"Language and Social Class," British Journal of 

Sociology . XI, 1960. p. 271-276. 

6. Blackwood, Paul E. "Science Teaching in the Elementary School: 

A Survey of Practices," Journal of Research in Science 
Teaching . Ill, 1965. p. 177-198. 

7. Blanc, Sam S., et. al. Modern Science . New York; Holt, 

Rinehart, Winston. 1964. 

8. Brandwein, Paul F., Concepts li» Science . New York; 

Harcourt, Brace, & Co. 1966. 358p. 

9. Bruner, Jerome S. The Process of Education . Cambridge, 

Mass.: Harvard University Press. 1960. 

10, Cagen, Jerome. "A Developmental Approach to Conceptual Growth," 

Analysis of Concept Learning . Klausmier, H. ed. Academic Pr. 1966. 

11, Carnap, Rudolf. Logical Foundations of Probability . Chicago: 

The University of Chicago. 1962. 577p. 

12, Cherry, Colin ,» On Human Communication ; A Survey and a Criti - 

cism , New York: Science Editions, Inc, 1961, 302p. 

13, Chinnis, Robert J. "Analysis of Elementary Science Textbooks," 

The Science Teacher , XXX, February 1963, p, 23-27. 

14, "Committee's Report on Educational Opportunities Condensed 

Text of School Study," The Detroit News , March 11, 1962, 



116 



15. CooDerat;lve College - School Science Program for School 

Imprqvemenf. . Washingtosi D. C.: National Science Foundation. 

Bulletin E 67-P-22. August 1967. 27p. 

16. "Copes Newsletter." New York: Conceptually Orientated Pro- 

gram in Elementary Science, New York University. H» 

March 1967. 4p. 

17. Craig, Gerald. Science Today and To morrow I- VIII. New York: 

Ginnand Co. 1961. 

18. Craig, Gerald. Certain Techniques Used in Developing a Course 

of Study in Science for the Horace Mann Elementa_ry School . 

New York; Bureau of Publications, Teachers College, Colum- 
bia University Contributions to Education. No. 276. 1927. 

19. Dictionary of Occupational Titles . Occupa t iona 1 Classification 

and Industry Index . Washington D. C.: United States Govern- 
ment Printing Office. 1949. 743p. 

20. Dunn, Bob G. A Comparison of Results on a Multiple * Choice 

Test and an Interview When Used to Measure Thirty Fifth 
Grade Students * Understanding of Certain Science Concepts . 
Unpublished Master's Essay. August 1966. 54p. 

21. Elementary Science Study Newsletter . Watertown, Mass.: 

Elementary Science Study, Educational Services, Inc. 

February 1965. 8p. 

22* Flavel , John. The Developmental Psychology of Jean Piaget . 
Prince^on, N.J. Van Nostrand. 1963. 472p. 

23. Frasier, George W., e^. al. Singer Science Experiments * 

Syracuse New York; L.W. Singer Co., Inc. 1959. 

24. Gagne, Robert M. "The Learning of Principles," Analysis of 

Concept Learning . Klausmier, Herbert, ed. Academic Press. 1966 

25. Gamow, George^ John Cleveland. Physics ; Foundations & 

Frontiers. Englewood Cliffs, N.J.: Prentice- Ha 11. 

1960. 

26. Gumbel, E. J. "The Return Period of Flood Flows," Annals 

of Mathemat ical Statistics . XII, 1941. p* 163. 

27. Guilford, J. P. Fundamental Statistics in Psychology and 

Educat ion . New York: McGraw-Hill Co., Inc. 1956. 506p. 



28. H«upt» George W. M Experlmenfal Appllcatiion of a Philosophy 

of Science Teaching In an Elementary School . New York: 
Contributions to Education, No. 633. Bureau of Publications, 
Teachers College, Collumbla University. 1935. 

29. Hayakawa, S. I. Language in Action . A Guide to Accurate 

Thinking . Reading and Writing . New York: Harcourt, Brace 

and Co. 1946. 239p. 

30. Hill, Katherine E. A Consideration of Children* s Verbal 

Responses In Relation to Certain Objectives for Science 
Instruction . New York: Contributions to Education No. 931. 

Bureau of Publications, Teachers College, Columbia Univer- 
sity. 1947. 

31. Hunt, Earl B., £l. Experiments In Induction . New York: 

Academic Press. 1965. 195p. 

32. Inhelder, Barbel; Jean Piaget. The Growth of Logical Thinking . 

New York: Basic Books, Inc. 1958. 

33. Intermediate and Adieanced Science Test Stanford Achievement 

gest . New York: World Book Co. 1952. 6p. 

34. Intermediate Reading Test Stanford Achievement Test . New 

York: World Book Co. 1952. 4p. 

35. Iona, Mario. "Selection of Science Concepts," TST Forum, 

The Science Teacher . XXXI, November 1964. p. 49-53. 

36. Jacobson, Willard J«; Cecilia J. Lauby. ABC Science Series . 

New York: American Book Co. 1961. 

37. Journal of Research In Science Teaching . II, December 

1964. 

38. Kemeny, John G. A Philosopher Looks at Science . Princeton, 

N.J.: D. Van Nostrand Co. 1959. 263p. 

39. Kershner, Richard B. "A Survey of Systems Engineering Tools 

and Techniques," Operations Research and Systems Engineering 
Flagle, Charles, ed., ^•al. John Hopkins Press. 1964. p. 140-172. 

40. King, Amy C.; Clcll B. Read. Pathways to Probability . New 

York: Holt 9 Rinehart and Winston Inc. 1963. 130p. 

41. Lindquist* E. F. Design and Analysis of Experiments in 

Psychology and Education . Boston: Houghton Mifflin Co. 

1956. 382p. 



118 



42. Lindquist, E, F. ed. Educational Measurement . Washington 

D, C,: American Council on Education. 1951, 807p. 

43. Livermore, Arthvir H. "The Process Approach of the AAAS 

Commission on Science Education," Journal of Research Ijj 
Schdace Teaching , II, 1964. p. 271-282. 

44. The Lor ge - Thorndike Intelligence Tests . Boston: Houghton 

Mifflin Co. 1954, 8p. 

45. McCarthy, Francis W, "Age Placement of Selected Science 

Subject Matter," Science Education . XXXfl, 1952. p, 253- 
254. 

46. McCiacken, D. D. "Monte Carlo Method: Simulated Sampling," 

Scientific Decision Making In Business . Shuchman A. ed. 1963. 

47. McLaughlin, G. Harry. "Psycho- Logic: A Possible Alternative 

to Piaget's Formulation," British Journal of Educational 
Psychology . 1963. p. 61-67. 

48. Membership Financial Data Costs Per Pupil in MetropolitAn 

Detroit Schools . 1962- 1963 . Detroit: Metropolitan Detroit 

Bureau of School Studies. 1964. 41p. 

49. Miller, Geooge. "The Magical Number Seven Plus or Minus Two: 

Some Limits on Our Capacity for Processing Information," 
Psychological Review . LXIII, 1956. p. 81-97. 

50. National Science Foundation Fifteenth Annual Report for the 

Fiscal Year Ended June 30 . 1965 . Washington D. C.: United 
States Printing Office. 203p. 

51. NelS 9 n, Pearl A. A Study of the Ways in Which Intermediate 

Grade Children Get Information in the Science Areas of 
Light and Sound Before and After a Program of Planned 
Experiences in These Areas . Unpublished Doctoral Disserta- 
tion, Boston University. 1957. 

52. Novak, J.D. "A Model for the Interpretation and Analysis of 

Concept Formation," Journal of Research in Science Teaching . 
Ill, 1965. p. 72-83. 

53. Pacesetters in Innovation . Bulletin OE- 20092, U.S, Govern- 

ment Printing Office. July 1966. 3 Ip. 

54. Papoulis, A. "The Meaning Of Probability," IEEE Transactions 

on Education . June- September 1964. p. 45-51* 

119 



55. Parker, Bertha. Electricity . Evanston, 111.: Row, Peterson 

& Co. 1959. 36p. 

56. Parker, Bertha. Machines . Evanston, 111.: Row Peterson & 

Co. 1959. 36p. 

57. Parker, Bertha. Thermometers . Evanston 111.: Row, Peterson 

& Co. 1959. 

58. Pearson, E. S.; Hartley, H*. ed. Blometrlka Tables for Statls - 

New York: Cambridge University Press. I, 1954. 238p. 

59. Piaget, Jean. Logic and Psvhhology. New York: Basic Books, 

Inc. 1957. 48p. 

60. "Piaget Rediscovered: Selected Papers from a Report of the 

Conference on Cognitive Studies and Curriculum Development," 
Journal of Research In Science Think ing. II, March 1964. 
p. 168-252. 

61. Population . Housing and Economic Charact eristics of jjhe 

Detroit Sta ndard Metropolitan Statistical Area 1962 . 

The Promotion and Research Department of the Detroit News. 
January 1963. 8p. 

62. Powell, R. W. "A Simple Method of Estimating Flood Frequencies," 

Civil Engineering . XIII, 1943. p. 105. 

63. Read, John G. "Present Status and Problems of One Type of 

Grade- Placement Research," Science Education . XLII, Octobbc 
1958. p. 349-353. 

64. Reid, Robert W. An Analysis of the Understanding of Certain 

Atomic Energy Concepts by Fourth . Fifth , snd Sixth Grade 
Students . Unpublished Doctoral Dissertatian, Colorado 
State College of Education, Greeley, Colorado. 1952. 

65. Ruchlis, Hy. "Machines Do Make Work Easier: An Analysis of 

the Meanings of Some of the Words Uded in Science," 

Science & Children. IV, November 1966. p. 24-25. 

66. Russell, David H. Children's Thinking . New York: Ginn & 

Co. 1956. 388p. 

67. Sales, Joseph. An Investigation of the Accuracy of Test Items 

Used to Evaluate Pupil Understanding of Science Comcepts of 
Transmlss Ion and Reflection of Light . Unpublished Master's 
Essay, Wayne State University. August 1966. 109p. 

120 



o 



68. Schneider, Herman; Nina Schneider. Science In Our World . 

Boston: D. C. Heath & Co. 1965. 585p. 

69. Smith, Gary R. "Analysing Test Responses with Symbolic Logic," 

Journal of Research In Science Teaching . IV, March, 1966. 

70. Smith, Gary R. "Commentary upon Suppes^Blnford Report of 

Teaching Mathematical Logic to Fifth and Slxht Grade Pupils," 
The Arithmetic Teabher . December » 1966. 

71. Smith, Gary R. "Computer Program Sketches Curriculum Design," 

The Elementary School Journal . January 1963. 

72. Smith, Gary R. . ^ Examination of Selected Measures of Achieve - 

ment and Aptitude for Use In Normative Grade Placement of 
Science Concepts on Light . Uhpubllshed Doctoral Dissertation, 
Evanston, Illinois. Northwestern University. August 1960. 
331p. 

73. Smith Gary R. "Reflections Upon Bruner's Hypothesis," Journal 

of Research In Science Teachlag . II, 1964. p. 111-114. 

74. Smith Gary R. "Use of Probability Statements," ^he Science 

Teacher . November 1962. 

75. Smith, Herbert A. "Appraisal and Projection in Science Educa- 

tion: Some Meditations," Thirteenth Annual Convention 

National Science Teacher's Association. Denver Colorado. 

March 29, 1965. 9p. 

76. Smith, Herbert A. "Educational Research Related to Science 

Instruction for the Elementary and Junior High School: 

A Review and Commentary," Journal of Research in Science 
Teachin g. I, 1963. p. 199-223. 

77. Smith, Karl U.; Margaret F. Smith. Cybernetic Principles 

of Learning and Educational Design . New York: Holt, Rine- 

har^ 6c Winston, 1966. 

78. Social Rating of Communities In the Detroit Area . United 

Community Services of Metropolitan Detroit. 1965. 25p. 

79. Starrett, George. Determining Grade Placement of Heat Prin - 

ciples in Junior High School . Unpublished Doctoral Disser- 
tation, University of California, Los Angeles, Califormia. 
1957. 






80. Suchman, Richard J. "The Illinois Studies in Inquiry Train- 

ing,” Journal Research in Science Training . II, 1964. 
p. 230-232. 

81. Suppes, Patrick; Fredrick Binford. "Experimental Training of 

Mathematical Logic in the Elementary School," The Arithme - 
tic Teacher . March 1965. p. 187-195. 

82. Suppes, Patrick. "Modern Learning Theory and the Elementary 

School Curriculum," American Educational Research Journal . 

I, March 1964. p. 79-92. 

83. Tate, Merle W.; Richard C. Clelland. Nonpar ame trie and Short - 

cut Statistics in the Social . Biological, and Medical Sciences . 
Danville, Illinois: Interstate Printers and Pub., Inc. 

1957. 168p. 

84. Theory Into Action . NSTA Curriculum Committee. Washington 

D. C.: National Science Teachers Association (NEA). 1964. 

85. TSAR Manual . Wayne State University Computing Center. Detroit, 

Michigan. 1966. 173p. 

86. Ulrich, Arthur H. "A Comprehensive Level Determination of a 

Basic Science Concept," Science and Children . April, 1964. 

87. Ulrich, Arfehur H. "Simplification Versus Science Concept 

Integrity on the Elementary Level," The Science Teacher . 
November 1964. p. 53-55. 

88. U.S. Office of Education Bulletin OE- 29065. Washington D.C. 

U.S. Government Printing Office. 1966. 104p. 



89. Walker, Helen M.; Joseph Lev. Statistical Inference . New 

York: Henry Holt & Co. 1953. 449p. 

90. Watson, Fletcher G. "Teaching Science to the Average Pupil," 

Xhe Science Teacher . XXXIV, March 1967. p. 24-26 & 81. 

91. Weaver, Allen D. "Watch Your Language," Science and Child - 

ren . Ill, April 1966. p. 16-18. 

92. Weaver, Warren. Lady Luck . Garden City, New York: Doubleday 

& Co., Inc. 1963. 377p. 

93. White, Harvey. Modern College Physics. Princeton, N.J. 

D. Van Nostrand Co. 1956. 892p. 



ERIC 



122 



Wiener, Norfaert . iSie Hume n Uie of Humen Beln^t ; Cybernet Ice 
and Society . Garden City, New York: Doubledey Anchor 

Booke. 1950. 



Appendix A-1 

Explanation of Tablea Indicating Probable Succett 
in Understanding Generalisations 

The following tables in Appendices A, B, and C provide double 
precision estimates of the probable success of other intermediate 

piipils in the population to j. understand the major general* 
isations which were presented to all pupils in this study* 

Each major generalization is stated at the top of the table. 
Directly beneath each generalization is the test item generalisa- 
tion. The latter is derived from a test item which was written 
to obtain an estimate of pupils* understanding of the major 
generalisation. The test item generalization is only one member 
of a large number of test item generalizations which might be 
subsumed^' under the major generalization. 

Use of the tables in this appendix depends upon how much 
the teacher or curriculum planner knows about the pupils who are 
to be instructed. If the reader knows only that he has a class 
of sixth grade pupils, then the probability that those pupils 
will understand the test item generalization and its correspond- 
ing major science generalization before instruction is listed in 
the table at the first numisral enclosed in parentheses. The 
probability that these pupils will understand and retain that 
understanding of the test item generalization after instruction is 
indicated by the second numeral enclosed in parentheses. The 
evidence collected in this study has been directly related to 
pupils' understandings of the test item generalis^ition. The 
inference that the pupils will undertand or not understand the 
major generalization is based upon this evidence. 

For example, suppose that a sixth grade teacher wanted to 
have some idea whether or not his pupils understood the meaning 
of work as the term is used by scientists. The generalization 
(A6...Work is done when a force moves an ob ject^ has two test 
item generalisations which provide some evidence of the sixth 
grade pupils' understanding of this generalization. 

Table 31 indicates that before instruction 55X of the pupils 
appeared to understand that when a pencil rested upon a desk, it 
did not do work upon the desk. After instruction, 71X of the six- 
th grade pupils apparently understood this idea about work* 

It would be possible to enter into lengthy discussion of 
the pupils' thinking and the other probability estimates in these 
tables. However, the present purpose is simply to illustrate 
the use of the two numerals enclosed in parentheses and arranged 
in columns in the tables of the appendices. 
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Tf the reader had reliable information about the science 
K u«i-nimd the readins proficiency, the verbal Intelligence, 

of hirpupil., then . «ore preci.e 

estimate of their success can be offered. 

For pupilB in each grade level with a 
background of acience Infonaatlon, the second colu^ 
nrovides estimates of their probable success in understanding 
S«i ff the t“t item, generalisations before instruction as well 

es after instruction. 

niinils in each grade level with high, middle, or low 
level ff SI"aJi!«Vo?*ie»^. ‘“e third column of figure, prides 

rt^rS^nlrflisa^LTefore instruction a. well as after instruction, 

For Duoils in each grade with a high, middle, or low level 

of verbal intelligence, the f""'*** *^® 

aatimates that they will understand each of the test item general. 

mi“nrbefore instruction a. well a. after instruction ha. 

concluded . 

For pupils in each grade level who reside "«$i® . 

high sociS-Sconomic communities, the pairs of numbers 
cola™ orovide- estimates of their probable success in understand- 
iSg^cH? the tSst item generalisation, before instruction a. 
^ 0 X 1 AS After instruction# 

Each of the sets of tables in which a major generalisation is 
related to a test item generalisation ;ls to be Interpreted in 

the Sa^ fashion ai all of the other table, in the Appendices. 

In using these tables the reader is making certain basic 
assumptions which should be called to 

aumed that the reader has a group of pupils who may / 

b^considered to be members of the population of pupils defied 
7 Zu*. 1 e al These pupils are in grades four, five, or 

six (ages 9 years through 12 years) of public schools in Metro- 
ttuwn Setroit. b) These pupil, received 

for approximately 120 minutes per week (about 10% of the schoo 
week) c) These pupils received instruction in group o 
t;t« pupil, fttt toSpetent teachers who may or may not have had 

a special science background. 

If the reader has pupils who satisfy these conditions, then 
it is legitimate to use th. probability estimates to project 
tLu suScess in understanding and retaining the generalis.Uon. 
about simple machines, electrical energy and heat energy. On 
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tht other hand, the reader should use extraaa caution in 
these probability estimates to pupil populations who do not sat- 
isfy one or more of the conditions mentioned above. Such an 
extrapolation can be very misleading. 

In conclusion, the reader is reminded that these are not 
absolute standards. They are merely estimates of 
••benchmarks” as it were. They are subject to fluctuation and 
even reversal as was the case with fourth grade pupils on electri- 
city generalisation (A2) . It is hoped that they ^y serve as 
Lides for curriculum planners to make judicious decisions about 
banning the science education of pupils in the nine to 

twelve year age range. It Is hoped that other researchers will 
find thLe probability estimates useful as ’’benchmarks in their 
explorations of ways and means to Improve children s understanding 
of generalliatlons in the physical sciences. 
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LIST OF GENERALIZATIONS ABOUT MACHINES 
WITH CORRESPONDING TEST ITEMS 

A. MECHANICAL ENERGY AND WORK 

2. MechaTiical energy is energy produced by a machine. (Test 
Item 1) 

3. Energy used to do work is not lost or destroyed but its 
form may change. (Test Item 2) 

5. A measure of work is the product of a force and the 
distance through which' it moves. (Test Items 48, 49, 50) 

6. Work is done when a force moves an object. (Test Items 

3,4) 

B. SIMPLE MACHINES— LEVERS 

5. In a second class lever, the load is between the effort 
force and the fulcrum. (Test Item 3) 

6. In a third class lever, the effort is between the fulcrum 
and loan. (Test Item 6) 

7. The load arm is the distance between the fulcrum and the 
load. (Test Item 10) 

8. The force arm is the distance between the fulcrum and the 
effort force. (Test Item 11) 

9. Pliers, bottle openers, brooms, baseball bats, and 
shovels are examples of the lever. (Test Item 17) 

10. When the force arm is longer than the load arm, a small 
force moves a heavy load. (Test Items 12, 15, 18, 19) 

11. When the force arm is longer than the load arm, the effort 
force is moved a greater distance than the load. (Test Item 14) 

12. When the force arm is as long as the load arm, no mech- 
anical advantage is gained. (Test Items 8, 13, 16) 

13. When the load arm is longer than the force arm, the load 
travels farther than the effort force. (Test Item 9) 



A-5 

15. When the load arm la longer than the force arm, the 
effort must be greater than the load in order to move ito (teat 
Item 7) 

C. SIMPUB MACHINES— PULLEYS 

1. A single fixed pulley needs a force larger than the load 
to be lifted. (Test Items 20, 21, 22) 

4. Elevators, hoists, steam shovels, and the painters' 
scaffolds use pulleys. (Test Item 24) 

5. A load is raised a short distance by a movable pulley, 
but the lifting force must travel a long distance. (Test Items 
23, 25) 

7. The number of strands in a pulley system indicates the 
gain in lifting force. (Test Item 26) 

D. SIMPLE MACHINES— WHEEL AND AXUS 

1. When a wheel and axle is turned, a point on the rim of the 
wheel travels farther than does a point on the rim of the axle. 
(Test Items 27, 28, 33) 

2. When a wheel and axle is turned, the edge of the wheel 
travels faster than the edge of the axle. (Test Items 29, 30) 

3. A small force on the wheel will move a heavy load on the 
axle. (Test Item 31) 

4. As the wheel becomes larger, it takes less force on the 
wheel to move the same load on the axle. (Test Items 32, 34) 

E. SIMPLE MACHINES— INCLINED PLANE 

1. An inclined plane is another kind of simple machine. 

(Test Item 35) 

3. Wedges and screws are special forms of the inclined 
plane. (Test Item 36, 37) 

F. FRICTION 

1. Friction is a force resisting motion between two surfaces 
in contact. (Test Items 38, 39, 40) 

2. Friction produces heat. (Test Item 41) 
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3. There is some friction in every machine when it is 
being used. (Test Item 42) 

5. Sliding friction is important in writing, walking, 
running. (Test Item 43) 

6. Fluid friction is important to objects traveling through 
air, water, or other fluids. (Test Items 44, 46) 

7. Rolling friction is important to the use of automobiles, 
roller skates, bicycles. (Test Items 45, 47) 
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*First numeral in parentheses indicates probable success before instruction (success on M12) . 
Second numeral in parentheses indicates probable success after instruction (success on M23). 



Table 33 PROBABILITY ESTIMATES OF PUPILS* UNDERSTANDING OF GENERALIZATIONS ABOUT MACHINES* 
Generalization : B6. In a third class lever, the effort is between the fulcrum and load. 
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♦First numeral in parentheses indicates probable success before instruction (success on M12). 
Second numeral in parentheses indicates probable success after instruction (success on M23). 
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*First numeral In parentheses Indicates probable success before instruction (success on M12) . 
Second numeral in parentheses indicates probable success after instruction (success on M23) . 
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Table 38 PROBABILITY ESTIMATES OF PUPILS* UNDERSTANDING OF GENERALIZATIONS ABOUT MACHINES* 
Generalization; BIO. When the load arm ia longer than the force arm, the load travels faster 
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*First numeral in parentheses indicates probable success before instruction (success on M12). 
Second numeral in parentheses indicates probable success after instruction (success on M23). 



Table 42 PRCffiABILITY ESTIHATES OF PUPILS* UNDERSTANDING OF GENERALIZATIONS ABOUT MACHINES* 
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♦First numeral in parentheses indicates probable success before instruction (success on Ki2). 
Second numeral in parentheses indicates probable success after instrvaction (success on M22). 
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♦First numeral in parentheses indicates probable success before instruction (success on M12), 
Second numeral in parentheses indicates probable success after instruction (success on M23). 
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♦First numeral in parentheses indicates probable success before instruction (success on OT2) 
Second numeral in parentheses indicates probable success after instruction (success on M23) 



Table 49 PROBABILITY ESTIMATES OF PUPILS* UNDERSTANDING OF GENERALIZATIONS ABOUT MACHINES* 
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Low (— , — ) Low (32 , 54) Low ( — , — ) Low (31, 54) 

★First numeral in parentheses indicates probable success before instruction (success on lfl2) 
Second numeral in parentheses indicates probable success after instruction (success on M23) 
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Table 54 PROBABILITY ESTIHATBS OF PUPILS* UNDERSTANDING OF GENERALIZATIONS ABOUT MACHINES* 
Generaliaation ; Dl. When a wheel and axle it turned, a point on the ria of the wheel travels 
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*First numeral in parentheses indicates probable success before instruction (success on M12). 
Second numeral in parentheses indicates probable success after instruction (success on M23). 
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*First numeral in parentheses indicates probable success before instruction (success on M12). 
Second numeral in parentheses indicates probable success after instruction (success on M23) . 
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♦First numeral in parentheses indicates probable success before instruction (success on M12). 
Second numeral in parentheses indicates probable success after instruction (success on M23). 
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*First numeral in parentheses indicates probable success before instruction (success on M12). 
Second numeral in parentheses indicates probable success after instruction (success on M23). 
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♦First tii^ral in parentheses indicates probable success before instruction (success on M12). 
Second numeral in parentheses indicates probable success after instruction (success on M23). 
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Table 64 PROBABILITY ESTIMATES OF PUPILS' UNDERSTANDING OF GENERALIZATIONS ABOUT MACHINES* 




♦First ntimeral in parentheses indicates probable success before instruction (success on M12). 
Second numeral in parentheses indicates probable success after instruction (success on M23). 
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*First numeral in parentheses indicates probable success before instruction (success on M12). 
Second numeral in parentheses indicates probable success after instruction (success on M23). 



Table 66 PROBABILITT ESTIMATES OF PUPILS' UNDERSTANDING OF GENERALIZATIONS ABOUT MACHINES* 








♦First numeral in parentheses indicates probable success before instruction (success on M12). 
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♦First mnneral in parentheses indicates probable success before instruction (success on M12). 
Second numeral in parentheses indicates probable success after instruction (success on M23), 
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*Flrst numeral in parentheses indicates probable success before instruction (success on M12). 
Second numeral in parentheses indicates probable success af tei instruction (success on M23) . 




♦First -Iti parptitheses indicates probable success before instruction (success on M12). 

Second numeral in parentheses indicates probable success after instruction (success on M23) . 
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♦First ntflneral in parentheses indicates probable success before instruction (success on M12). 
Second numeral in parentheses indicates probable success after instruction (success on M23). 
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♦First liberal iii parentheses indicates~probable success before instruction (success on M12). 
Second numeral in parentheses indicates probable success after instruction (success on M23). 



Apptndlx B-1 



LIST OF GENERALIZATIONS ABOUT ELECTRICITY 
WITH CORRESPONDING TEST ITEHS 

A. ELECTRICAL ENERGY 

2. Electrical energy la produced by the flow of charged 
bodlea. (Test Item 21) 

3. The energy from light, heat, mechanical forcea, or cheml« 
cal action may be changed to electrical energy. (Teat Item 19) 

B. STATIC ELECTRICITY— ATOMIC STRUCTURE 

1. All matter la made of atoms. (Test Item 18) 

2. Every atom has a nucleus. (Teat Items 22, 5) 

3. Around each nucleus of an atom are electrons. (Test 
Items 2, 3) 

4. The nucleus of an atom has a positive electrical charge. 
(Test Item 4) 

5. The electrons around the nucleus have a negative charge. 
Test Item 1) 

6. A neutral substance becomes positively charged when It 
gives up electrons. (Test Items 12, 9) 

7. A neutral substance becomes negatively charged when It 
takes on additional electrons. (Test Items 11, 8) 

8. Neutral objects are neither positively nor negatively 
charged. (Test Item 6> 

9. Like electrical charges repel each other, but unlike 
electrical charges attract. (Test Items 7, 10) 

C. STATIC ELECTRICITY— ELECTRICAL CHARGES 

1. Some materials readily give up electrons, while other 
materials readily capture electrons. (Test Items 13, 15) 

2. Electricity produced by rubbing one material with another 
material Is called static or frictional electricity. (Test Item 16) 
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3. Electrical charges collect on the surface of a material. 
(T«it Item 17) 

5. Keutral objects can be attracted by either positively or 
negatively charged objects. (Test Item 14) 



Da CURRENT ELECTRICITY- -OPEN AND CLOSED CIRCUITS 

1, When electrons move along a conductor, an electric cur- 
rent is produced. (Test Item 20) 

3. An electric circuit contains a source of ^ 

energy and a path through which the current may flow. (Test Items 

25, 26) 

4. A closed circuit has no gaps in the path of the current 
of electricity. (Test Items 24, 30) 

6. An electric circuit may be connected in series or in 
parallel. (Test Items 27, 28, 29) 

E. CURRENT ELECTRICITY— CONDUCTORS AND NON-CONDUCTORS 

1. All materials offer some resistance to an electric current 
(Test Item 37) 

2. An electric current flows easily along good conductors 
of electricity. (Test Item 32) 

5. When an electric current flows along a wire, the wire 
is heated, (Test Items 38, 39) 

6. In electrical heating appliances a ®®”^ 

a wire which is a poor conductor. (Test Items 35, 36) 

7. When a large electric current flows along a wire which 
is a poor conductor, it may become hot enough to give off light. 
(Test Item 40) 

F. CURRENT ELECTRICITY— DIRECT CURRENT AND ALTERNATING CURRENT 



1, The chemical changes in an electric cell provide 

cess of electrons at the negative terminal and few electrons at the 
positive terminal. (Test Items 31, 34) 

2. The increase of electrons at a terminal forms a force 
which moves electrons along a conductor. (Test Item 33) 
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3. Electrons from the negative terminal of a cell will 
readily flow along a conductor tending to equalize the number of 
electrons at each terminal. (Test Item 44) 43) 

4. Since current produced by a cell flows in one direction 
only, it is called direct current. (Test Item 47) 

5. Alternating currents flow first in one direction and then 
in the opposite direction. (Test Item 50) 

6. Electricity from a generator may be either direct current 
(DC) or alternating current (AC). (Test Item 45) 

7. Electric current may be used to: heat or cook, make 

light, send messages, and run machines. (Test Item 23) 

G. ELECTROMAGNETS 

1, Moving a solid conductor through a »nagnetic field will 
generate an electric current. (Test Items 41, 42) 

3. An electromagnet consists of a piece of iron within a 
coil of wire, along which a current of elect jrlcity is sent. (Test 

Item 48) 

6. An electromagnet has considerable force only so long as 
the electric current is flowing. (Test Item 49) 

7. Electromagnets are Important parts of electric motors. 
(Test Item 46) 




Low (— , 16) Low ( 38, 43) Low ( ) Low ( 32, 52) 

In grade 6, there were 338 pupils used to establish probability estimates for each generalization 
on the double precision test (El2) and 404 pupils were used for the (E23) test. Probability 
estimates are not reported for samples of 15 pupils or less. 
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♦First: muieral in parentheses indicates probable success before instruction (success on E12). 
Second numeral in parentheses indicates prlobable success after instruction (success on E23). 
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*Flrst numeral in parentheses indicates probable success before instruction (success on E12). 
Second nuoisral in parentheses indicates probable success after instruction (success on E23). 
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*First numeral in parentheses Indicates probable success before instruction (success on E12) . 
Second numeral in parentheses Indicates probable success after instruction (success on E23). 
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Table 86 PROBABILITY ESTIMATES OF PUPILS* UNDERSTANDING OF GENERALIZATIONS ABOUT ELECTRICITY* 
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*First numeral in parentheses Indicates probable success before Instruction (success on E12). 
Second numeral in parentheses indicates probable success after instruction (success on E23). 




*Flrst numeral in parentheses indicates probable success before instruction (success on E12). 
Second numeral in parentheses indicates probable success after instruction (success on E23) . 
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Table 95 PROBABILITY ESTIMATES OF PUPILS* UNDERSTANDING OF GENERALIZATIONS ABOUT ELECTRICITY* 
Generalization: C3. Electrical charges collect on the surface of a material. 
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*Flrst numeral In parentheses Indicates probable success before Instruction (success on E12). 
Second numeral In parentheses Indicates probable success after instruction (success on E23). 
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♦First numeral in parentheses indicates probable success before Instruction (success on E12) . 
Second numeral in parentheses indicates probable success after instruction (success on E23). 



Table 104 PROBABILITY ESTIMATES OF PUPILS* UNDERSTAHDIKG OF GEi?ERALIZATIONS ABOUT EI£CTRICITY* 
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♦First numeral in parentheses Indicates probable success before Instruction (success on E12). 
Second numeral in parentheses indicates probable success after instruction (success on E23). 




*First numeral in parentheses Indicates probable success before instruction (success on E12) 
Second numeral in parentheses indicates probable success after instruction (success on E23) 



Table 107 PROBABILITY ESTIMATES OF PUPILS* UNDERSTANDING OF GENERALIZATIONS ABOUT ELECTRICITY* 

Generalization; E5. When an electric current flows along a wire, the wire is heated. 

Test Item Generalization; 38. If wires are heated by the saiae aaoiznt of electric current, 

then the thickest wire has the lowest teaperature. 
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Table 108 PROBABILITY ESTIMATES OF PUPILS* UNDERSTANDING OF GENERALIZATIONS ABOUT ELECTRICITY* 






*Flrst numeral in parentheses indicates probable success before instruction (success on E12). 
Second numeral in parentheses indicates probable success after instruction (success on E23). 
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*First lusneral in parentheses indicates probable success before instruction (success on E12) . 
Second numeral in parentheses indicates probable success after instruction (success on E23). 
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♦First numeral in parentheses indicates probable success before instruction (success on E12). 
Second numeral in parentheses indicates probable success after instruction (success on E23). 
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Table 118 PROBABILITY ESTIMATES OF PUPILS' UNDERSTANDING OF GENERALIZATIONS ABOUT ELECTRICITY* 
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*First numeral in parentheses indicates probable success before instruction (success on E12). 
Second numeral in parentheses indicates probable success after instruction (success on E23). 



Table 122 PROBABILITY ESTIMATES OF PUPILS' UMDERSTAHDING OF GENERALIZATIONS ABOUT ELECTRICITY* 

Gl. Moving a solid conductor through a nngnetlc field will generate an electric 





♦First numeral in parentheses indicates probable success before instruction (success on E12). 
Second numeral in parentheses indicates probable success after instruction (success on E23). 
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Appendix C-1 

LIST OF 6BNERALIZATI(»» ABOUT HEAT WITH C0RRISP0HDIN6 

TEST ITEMS 



MATTER AND HEAT ENERGT 

4. In e solid, molecules eze held close together by mutuel 
attraction. (Test Item 2) 

5. In a liquid, molecules are able to flow past one another. 
(Test Item 3) 

6. In a gas, molecules are relatively far apart. (Test Item 



7. Heat energy is the energy of motion of the molecules of a 
body. (Test Item 6) 

S. The sun transfers a great deal of heat energy to earth. 
(Test Item 5) 

9. Chemical changes, electricity, and friction are coasmn 
sources of heat. (Test Item 7) 

B. ICASURIN6 HEAT ENERGY —TEMPERATURE, THERMOMETERS 

3. Temperature is a measure of average energy of the motion 
of molecules in a material. (Test Item 4) 

4. Temperature is not a measure of total amount of heat in a 
msterial. (Test Items 8, 9) 

7. The fluid in a thensometer indicates temperature changes 
by expanding when heated and contracting when cooled. (Test 
Item 50) 

^a Fahrenheit scale and Centigrade scale are two common 
ways of marking thermometers. (Test Items 10, 11, 35, 36, 37) 

C. EXPANSION AND CONTRACTION 

1. Most matter expands when it is heated and contracts when it 
is cooled. (Test Items 26, 38) 

2. Removing heat from water cause it to contract until 4^ 
and than water expands until O^C. (Test Items 42, 43, 48) 
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C»2 

3. Adding htat IncrMtat thn tpnnd of the molecules In e 
eubetence. (Test Itime 13, 44) 

4. A solid msy be chenged to e liquid or gas by adding heat 
energy 0 (Test Items 12, 16, 23, 40) 

5. Removing heat from a substance will decrease the speed of 

the molecules. (Test Item 39) ^ 

P 

6. Removing heat from a material will cool It. (Test Item 14) i 

8. Evaporation is an Important way to cool something. (Test 
Items 17, 18) 

D. TRANSFER OF HEAT ENERCV ' 

■ 

1. It Is natural for heat to travel from a hot region to a 
cooler region. (Test Items 15, 31) 

k 

2. Although heat energy msy change Its form. It Is never lost 
In moving from one form or place to another. (Test Item 20) 

E. TRANSFER OF HEAT ENERGY —CONDUCTION 

1, Heat may be transferred by conduction, convection, or 

radiation. (Test Item 25) [ 

i. 

I 

2. In conduction, heat energy Is transferred from one mole- 
cule to another. (Test Item 45) | 

4. Metals conduct heat better than liquids or gases. (Test 
Item 27) 

5. There are some materials through which heat does not 
travel easily and they are poor vconductors of heat ot Insulators. 

(Test Item 29) 

6. Paper, %wter, air, and glass are often used as Insulators. 

(Test Items 30, 33) | 

8. An Insulator keeps most of the heat from moving Into a 
cooler region. (Test Item 34) 

F. TRANSFER OF HEAT ENERGY— CONVECTION 

1. Convection Is the transfer of heat energy of molecules In | 

BXivlng currents of fluids. (Test Items 22, 24) i 
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2. Convection current! in fluid! ere created when the lighter 
part! of a fluid are forced upward by cooler and heavier part! 
which gravity force! downward. (Te!t Item! 28, 32) 

5. Atmo!pherlc circulation and ordinary ventilation depend 
upon convection current!. (Te!t Items 21, 46) 

G. TRANSFER OF HEAT ENERGY —RADIATION 

1, Radiation l! emitted by almost all msterials. (Test Item 
49) 

3. Energy from the sun travels to earth by radiation. (Test 
IteM 19, 47) 

6. Dark objects absorb radiant energy. (Test Item 41) 
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Table 130 PROBABILITY ESTIMATES OF PUPILS* UNDERSTANDING OF GENERALIZATIONS ABOUT HEAT* 
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♦First numeral in parentheses indicates probable success before instruction (success on H12). 
Second numeral in parentheses indicates probable success after instruction (success on H23). 
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*Flrst numeral In parentheses Indicates probable success before instruction (success on H12). 
Second numeral in parentheses indicates probable success after Instruction (success on H23) . 



Table 136 PROBABILITY ESTIMATES OF PUPILS* UNDERSTANDING OF GENERALIZATIONS ABOUT HEAT* 
Generalisation; B7. The fluid in a thermometer indicates temperature changes by expanding when 




*First numeral In parentheses indicates probable success before instruction (success on H12). 
Second numeral in parentheses indicates probable success after instruction (success on H23) , 




*F. -St numeral in parentheses indicates probable success before instruction (success on H12). 
Second numeral in parentheses indicates probable success after instruction (success on H23). 




*Flrst numeral in parentheses indicates probable success before instruction (success on H12). 
Second numeral in parentheses indicates probable success after instruction (success on H23) . 
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Table 141 PROBABILITY ESTIMATES OF PUPILS* UNDERSTANDING OF GENERALIZATIONS ABOUT HEAT* 
Generalization; B8. The Fahrenheit scale and Centigrade scale are two connon %«ys of marking th 
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*Flrgt pprenthg^es indicates probable success before instruction (success on H12) . 

Second numeral in parent /eses indicates probable success after instruction (success on H23) . 



D 



) 



* 

£2 



I 

9 

w 

§ 



g 

g 



H 

g 

M 



S3 



O 

CO 



H 

CO 

M 

H 



9 

I 



M 

0 ) 

»Q 

CO 

H 



•tJ 

« 

fH 

o 



g 8 



«i 

•rl 

8 



« 

4i 

8 

8 

8 



60 

5 

8 

6 



*tJ 

«» 

§ 



8 

« 

•5 

8 

I 

8 

4i 

4i 

a 

4i 

« 

£ 

U 



§ 

•H 

4J 

cO 

•H 

f-4 

CO 

M 

a 



c> 

I 

L 



« 

5 

8 

5 

m 

8 

eu 

0 

•H 

tJ 

« 



|4 

« 

I 

44 



4> 

CM 



ft 

g 

•H 

4J 

CO 

N 



CO 

U 

0) 

c 

s 

a 

0) 

4J 



4J 

CO 

0) 

H 



6 

0 

a 

w 

1 

a 

o 

CO 



CO 



3 

P4 

4J 

9 

O 



4J 

e 

0) 

•H 

4J 

O 

a 



o 

u(| 

5 

■§ 



•Tl 

PQ 

01 

O 

c 

0 ) 

•H 

O 

CO 



0) 


1^ 


•O 


(U 


CO 


> 


u 


0) 


O 


t-i 



US UJ 

cn CO 



Mt CM 
CM CM 



JS 

00 T) 

s s 



s 



g 

■-) 



1 



CO 

C4 



"S 



m 

CM 



o 

CM 



TJ 



o\ 

CO 



in 



CO 



CO 

CM 



CO 

CM 






O 

CM 



TJ 

£ 



00 

CM 



as 



5 



CM 



CO 

’S) 



•o 



33 33 



0 

1 

h9 



CM 



NO 



ON 

CM 



P 

CO 



00 

CM 



CM 

CM 



NO 



JS • 

OO T) 

3 s 



ON 



g 

IJ 



s 



\o 

CM 



•s 



CM 

CM 



•O 

s 



g 

h3 



ON 



in 

CO 



ON 

CM 



00 



"S) *d 
33 S 



in 



5 



CO 



CM 

-s, 



CO 

00 



CM 

CM 



o 



T) 

s 



CO 

CO 

ii 

00 

m 



CM 



NO 

CM 



m 



00 

3 



CO 

CM 



•O 



g 



S 

•6 

m 

w 



CM 

Cl 

in 



JC 

00 *o 

s s 



g 

ij 



CM 

CM 



I 

sS 

4S 

00 



•O 



vD 

m 



CM 

CM 



m CO 

’§) *o 

s s 



sr 

CM 



VO 

a 

g 



vO 



254 




rJlilil 









♦First numeral in parentheses indicates probable success before instruction (success on H12). 
Second numeral in parentheses Indicates probable success after instruction (success on H23). 
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♦First numeral in parentheses indicates probable success before instruction (success on H12). 
Second numeral in parentheses indicates probable success after instruction (success on H23). 
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*First numeral in parentheses indicates probable success before instruction (success on H12). 
Second numeral in parentheses Indicates probable success after Instruction (success on H23). 
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*First ntimeral in parentheses indicates probable success before instruction (success on H12). 
Second numeral in parentheses indicates probable success after instruction (success on H23) . 
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*First numeral in parentheses indicates probable success before instruction (success on H12). 
Second numeral in parentheses indicates probable success after instruction (success on H23). 
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♦First nuneral in parentheses indicates probable success bef'^re instruction (success on H12). 
Second mineral in parentheses indicates probable success after instruction (success on H23). 
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♦First numeral in parentheses indicates probable success before instructii?n (success on H12). 
Second numeral in parentheses indicates probable success after instruction (success on H23). 



J) 



b 



I 



o> 



9 

« 

U 

0> 

Xi 



o 

u 



« 



0) 

43 



S’ 



s 

43 



4 S 

8 

I 






i 

>4 



o 


no 




u 


s 




o 




44 


4i 






il 




>« 


> 




S 


« 






1^ 




4i 


fd 




6 




fO 


e 




4i 


0) 




M 


M 


• 


O 


•X5 


m 


a 


f-H 


01 



3 •5 



04 

s 



c 

(« 



43 *d 
O O 
43 
fl) 

43 M 



O 



P4 

o 




§ 



44 43 



4J 

4t 

a 

5 

u 



00 »4 
iH 44 



g 



00 

u 



4J 

cd 

N 



4J 

(0 

N 






<u 

e 



s 



a 

0) 

4J 

H 



4J 

09 

S 



m 

0) 

4J 

C0 

o 

Oo 

§ 



0) 




268 















J 






me 



* 

s 



o 

9 

cn 



9 

NS 



o 

g 

g 



H 

g 

M 



!3 

& 

g 

& 

CO 

n 



H 

CO 

U 

i: 

M 

t-i 



I 

I 



m 



(U 

•o 

cd 

H 



6 

O 

•H 

00 

0) 

M 

(U 

rH 

o 

o 

u 

«d 

o 



6 

O 

•H 

M 

0) 

U 



s 

<d 

e 

M 



<U 

% 

u 

*» 

o 

4J 

<P 

fd 

0) 

us 

u 

o 



§ 

4J 

% 



(0 



§ 

•H 

4J 

<d 

ra 

•H 

dt 

U 

S 



s 



•g 

TJ 

s 



Cd 

<u 

43 

CO 

•H 

fd^ 

00 

u 

0) 

44 

s 

s 

J3 



§ 

f-4 

•H 

•g 



6 

O 

CO 



cd 

CM 

*-• 

(U T) 
M 0) 

1 § 

•d o 

o <u 
o u 

CO 

CM 

H C 
d 
• U 
lO *o 



IT 

I 

CJ 



g 

•H 

4J 

<d 

N 

•H 

Cd 

u 

s 

s 

§ 



4J 

CO 

0) 

H 



•H 

O 

TJ 

g 

g 

<u 

X 

0) 

« 

o 



0) 

> 

£ 



c 

o 

0 
u 

1 

o 

o 

cn 



CO 

pH 

H 

d< 

4J 

9 

O 

9 



4J 

c 

(U 

•H 

4J 

O 

SL 

a 



o 

CJ 

tx| 

c 

•H 

*d 

(d 

S 



'Si 

<u 

o 

6 

<u 

•H 

O 

cn 



<u 






<u 


cd 


> 


u 


01 


u 






♦First numeral in parentheses indicates probable success before instruction (success on H12). 
Second mmieral in parentheses indicates probable success after instruction (success on H23). 
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♦First numeral in parentheses indicates probable success before instruction (success on H12). 
Second numeral in parentheses indicates probable success after Instruction (success on H23). 
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*Flrst numeral in parentheses indicates probable success before instruction (success on H12). 
Second numeral in parentheses indicates probable success after instruction (success on H23) . 
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*First numeral in parentheses Indicates probable success before instruction (success on H12). 
Second numeral in parentheses indicates probable success after instruction (success on H23). 
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*Flrst numeral in parentheses indicates probable success before instruction (success on H12). 
Second numeral in parentheses indicates probable success after instruction (success on H23). 
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♦First numeral in parentheses indicates probable success before instruction (success on H12). 
Second numeral in parentheses indicates probable success after instruction (success on H23). 




*Flrst numeral in parentheses indicates probable success before instruction (success on H12). 
Second numeral in parentheses indicates probable success after instruction (success on H23). 
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*First ninoeral in parentheses indicates probable success before Instruction (success on H12). 
Second numeral in parentheses indicates probable success after Instruction (success on H23). 
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Table 172 PROBABILITY ESTIMATES OF PUPILS* UNDERSTANDING OF GENERALIZATIONS ABOUT HEAT* 
Generalization : F5. Atmospheric circulation and ordinary ventilation depend upon convection currents. 
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♦First numeral in parentheses indicates probable success before instruction (success on H12) 
Second numeral in parentheses indicates probable success after instruction (success on H23) 
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Table 175 PROBABILITY ESTIMATES OF PUPILS* UNDERSTANDING OF GENERALIZATIONS ABOUT HEAT* 
CAnaralizat ion ; g 3 « Energy fron the sun tranrels to earth by radiation. 
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Appendix D-1 

Instructions for Using Confidence Belts In Appendix D 
to Estimate Probable Error of a Proportion 

The first table at the front of Appendices A, B» or C 
indicates the number of pupils used to calculate the probability 
estimates which are cited In each of the remaining tables In the 
appendix. Each of the probability estimates Is a percent or 
proportion which Indicated the percent of youngsters In a given 
grade level who had demonstrated that they could understand a 
particular generalisation before Instruction and retain that 
understanding for three to five months after Instruction had 
concluded. These were empirically derived estUates. 

The graphs In Figure 9 provide a means of determining how 
accurate each of those percents or proportions may be. The 
vertical axis or ordinate on the left Is arranged with an increas- 
ing scale from sero to 84% and It Is appropriate to use with the 
percent estimates on the bottom axis which range from aero to 48%. 
The nuod>ers on the vertical axis on the right start with 96% at 
the bottom and decrease to 16% at the top of the figure. They 
are to be used with the percent correct responses listed on the 
horliontal axis at the top o€ Figure 9 » which ranged from 52% 

to 96%. 

The curves In the middle Indicate the sample slse used In 
estimating the range of accuracy. For example, suppose that a 

proportion Indicated the probable success before Instruction 
was 26%. The first step In using the figure Is to determine how 
many pupils were used In computing this estimate. Let us assume 
that 200 pupils were used In computing that estimate of 26%. 

Since the 26% is less than 50% the bottom horlsontal axis would 
be used and the reader would find 26% on the bottom horlsontal 
axis between 24% and 28%. Next, follow that 26% line upward until 
it crosses the curve Indicated for a sample slse of 200. At the 
point where the 26% line crosses the 200 sample slse, trace the 
horlsontal line to the left where the vertical axis Indicates 
20%. This Indicates that the true proportion may drop as low as 
20%. Continue to follow the vertical 26% line upward until It 
crosses the next curve In which the sample Is also 200 and It 
Indicates the upper limit of the proportion. The upper limit Is 
between 32% and 34%. Therefore a rough estimate Is that the pro- 
portion of 26% may range as high as 33%. 

Here, then, are the limits of the proportion 26%. That pro- 
portion may range as high as 33% or It may drop as low as 20%. 
jhe reader may be confident that 90 times out of 100, the true 
proportion will range within that Interval. 
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Figure 9 COMFIDEKCE BELTS FOR PROPORTIONS (?) ESTIMATED FROM SAMPLE OF SIX 

OR MORE PUPILS (90R LEVEL OF CONFIDENCE) 

Proportion of Correct Responses (.51 to 1.0) 

.92 .88 .8 li .80 .76 .72 .68 .6 li . 60 .56 .52 

n 1 j — -1 r— ^ 




.Oil .08 .12 .16 .20 .21| .28 .32 .36 .l |0 ,hh 

Proportion of Correct Responses (.00 to .50) 



*Reprinted from Nonoar emetrlc and Shortcut Statletlca by Merle W. Tate and Richard C. 
Clelland by permlaslon of Interstate Printers and Publishers, Inc., Danville, 111. 
Cop 3 rrighted 1957. 
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Figure 12 DISTRIBUTION OF OCCUPATIOIS GF CHIEF WAGE EARNER IN 

SCHOOL #3 ACCORDING TO PUPILS' RESPONSES 



Appendix E-5 Total Bespoaioa: 218 




I) 




298 



J 



















Figure 17 DISTRIBUTION OF OCCUPATIONS OF CHIEF WAGE EARNER IN 

SCHOOL #8 ACCORDING TO PUPILS' RESPONSES 



Appendix F-1 

INSTRUCTION GIVEN TO CONSULTANTS TO 
GUIDE SELECTION OF SIGNIFICANT SCIENCE CONCEPTS 



Identifying the significant ideas in physical science is 
largely a matter of judgement and open to dispute. In such an 
undertaking, one must consider the present state of the physical 
sciences and try to anticipate which Ideas will be particularly 
fruitful now and in decades ahead. This is indeed an imposing 
task. 



Identifying the significant ideas in physical sciences which 
will help the elementary school pupil understand and interpret his 
present and future environment is equally formidable. 

In order to achieve some mod is operand! , the field of selection 
has been restricted to three topics: simple machines, electrical 

energy, heat energy. Next, a set of three conditions was specified 
in order to define a significant Idea. A concept was considered 
significant if it satisfied all three of the conditions: 

1) A concept was considered significant in terms of physical 
science if it was discussed or explained in one or both of the 
following texts: 

a) Harvey White; Modern College Physics. D. Van Nostrand 
Co.; 1956 

b) George Gamow and John Cleveland; Physics; Foundations 
& Frontiers , Prentice-Hall; 1960. 

2) A concept was considered significant for children if it was 
discussed or explained in one or more of the following textbooks 
for pupils in grades four through eight: 

a) B. Parker; Machines . Row, Peterson & Co.; 1959 

b) B. Parker; Thermometers . Row, Peterson & Co.; 1959 

c) B. Parker; Electricity . Row, Peterson & Co.; 1959 

d) C. Trexler, et. al. ; ABC Science Series , books 5 and 6, 
American Book Co” ; 1961 

e) W. Beauchamp, ^l. ; Discovering Our World , book 2, 
Scott, Foresman & Co.; 1957 

f) S. Blanc, a^. ; Modern Science, books 2 and 3, Holt 
Rinehart, & Winston; 1963. 

3) At least two authorities in physical science and/or science 
education concur in the judgement that the concept is significant. 
The consulting authorities were; 

a) Dr. Vaden Miles, Professor of Physics, Wayne Sta^e 

University. 
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b) Mr. Mario Motter, Elementary Science Supervisor, Exact 
Science Dept., Detroit Public Schools 

c) Dr. Norval Scott, Science Teacher, Detroit Public 
Schools. 

The enclosed listing is the result of this screening process. 

It is believed that these ideas satisfy conditions one and two. 

You are being asked to answer the following two questions. 

a) In your judgement, are these valid statements? 

b) In your judgement, do these statements represent significant 
aspects of the topic? 

please feel free to recommend removal or re-statement of any 
idea included in the listing. For your information, a source and 
page number is included for each concept. This indicates specifi- 
cally where the idea stated or was implicit in the authors' remarks. 



F-3 

GENERALIZTIONS ABOUT SIMPLE MACHINES USED IN UNIX WITH THEIR 
DOCUMENTATION IN COLLEGE PHYSICS TEXTS AND 
K-12 SaENCE TEXTBOOK SERIES* * 

A. MECHANICAL ENERGY AND WORK 

1. Energy is the ability to do work. (HRW, W128, G62) 

2. Mechanical energy is energy produced by a machine. (HRW, 
W149) 

3. The energy used to do work is not lost or destroyed but 
its form may be changed. (HRW, W134, G62) 

4. A force is a push or pull in some direction. (HRW, W134, 

G62) 

5. A measure of work is the product of a force and the dis- 
tance through which it moves. (HRW, W124, G61) 

6. Work is done when a force moves an object. (HRW, W124, 

G61) 

B. SIMPLE MACHINES— LEVERS 

1. A machine makes it easier to do work. SF, W149) 

2. A lever is one kind of simple machine. (RP, W149) 

3. Many machines are made by using two or more simple mac 
hines together. (RP, W149) 

4. In a first class lever, the fulcrum is between the load 
and the effort force. (WRW, W142) 

5. In a second class lever, the load is between the effort 
force and the fulcrum. (HRW, W142) 



Legend ; Le^^ers and numerals in parenfheses refer to following 
texts: W128-page 128 in White (93); G181-page 181 in 

Gamow (25); Sl-Singer (23); ABC-American Book Co. (36); 

RP- Row- Peters on (55); HTW-Holt ,Rinehar^, Winston (7); 
SF-Scott Foresman (4) 

*St-atements are not necessarily in order that they were presented 
in unit . 






iiiiiiiiiiii 



F-4 

6, In a third class lever, the effort force is between the 
fulcrum and the load. (HRW, W142) 

7, The load arm is the distance between the fulcrum and the 
load. (RQ, W143) 

8. The force arm is the distance between the fulcrum and 
the effort force. (RQ, W143) 

9. Pliers, bottle openers, brooms, baseball bats, and 
shovels are examples of the lever. (RP» W143) 

10. When the force arm is longer than the load arm, a small 
force moves a heavy load. (RP» W143) 

11. When the force arm is longer than the load arm, the 
effort force is moved a greater distance than the load. (RP, 
W143) 

12. When the force arm is as long as the load arm, no 
mechanical advantage is gained. (RP, W149) 

13. When the load arm is longer than the force arm, the 
load travels farther than the effort force. (RP, W150) 

14. When the load arm is longer than the force arm, the 

load travels faster than the effort force. (RP, W176, G80) 

15. When the load arm is longer than the force arm, the 

effort must be greater than the load in order to move it. (RP* 
W150) 

16. The pulley and the wheel and axle are special kinds of 
levers. (HRW, W152) 

C. SIMPLE MACHINES— PULLEYS 

1. A single fixed pulley needs a force larger than the 
load to be lifted. (RP, W153) 

2. A single fixed pulley is used to move a load by pulling 
in the opposite direction. (RP, W153) 

3. A movable pulley and a small force can be used to lift 
a heavier load. (SF, W153) 

4. Elevators, hoists, steam shovels, and the painters' 
scaffolds use pulleys. (RF, W154) 
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5« A load is raised a short distance by a movable pulley, 
but the lifting force must travel a long distance. (RP, W153) 

6. Pulleys can be combined to lift very heavy loads. (RP, 
W153) 

7. The number of strands In a pulley system indicates the 
gain in lifting force. (RP, W154) 

D. SIMPLE MACHINES- -WHEEL AND AXLE 

1. When a wheel and axle is turned, a point on the rim of 
the wheel travels farther than does a point on the rim of the 
axle. (RP, W152, G78) 



2. When a wheel and axle Is turned, the edge of the wheel 
travels faster than the edge of the axle. (RP, W176, G78) 



3. A small force on the wheel will move a heavy load on 
the axle. (SF, W152) 

4. As the wheel becomes larger. It takes less force on the 
wheel to move the same load on the axle. (RP, W143) 



5. The wheel and axle Is often used In automobiles, bicycles, 
and home appliances. (HRW) 

E. SIMPLE MACHINES— INCLINED PLANE 



1. An inclined plane is another kind of simple machine. 
(HRW, W129) 

2. An inclined plane raises a heavy load a short distance 
by moving a small force through a long distance. (RP, W129) 

3. Wedges and screws are special forms of the inclined 
plane. (RP) 

F. FRICTION 

1. Friction Is a force resisting motion between two 
surfaces in contact. (HRW, W86, G16) 

2. Friction produces heat. (RP, W151) 

3. There is some friction in every machine when it is being 
used. (RP, W150, G70) 

4. Friction may be classified as: a)slldlng friction, 
b) fluid friction, or c) rolling friction. (HRW, W87) 
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5« Sliding friction is important in 'writing, walking, 
running. (HRW, W87) 

6, Fluid friction is important co objects traveling through 
air, water, or other fluids, (HRW, W91) 

7, Rolling friction is important to the use of automobiles, 
roller skates, bicycles, (HRW, W89) 
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GENERALIZATIONS ABOUT ELECTRICITY USED IN UNIT OF INSTRUCTION WITH 
THEIR DOCUMENTATION IN COLLEGE PHYSICS TEXTS AND K-12 SCIENCE 

TEXTBOOK SERIES* 



A. ELECTRICAL ENERGY 

1. Energy is the capacity to do work. (HR, W128, G62) 

2. Electrical energy is produced by the flow of charged 
bodies. (HR, W525, G195) 

3. The energy from light, heat, mechanical forces, or chemi- 
cal action may be changed to electrical energy. (HR, W134, G62) 

4. Electrical energy may change to light, heat, mechanical 
or chemical energy. (HR, W134, G62) 

B. STATIC ELECTRICITY- -ATOMIC STRUCTURE 

1. All matter is made of atoms. (Singer, W478, G180) 

2. Every atom has a nucleus. (Singer, W478, G180) 

3. Around each nucleus of an atom are electrons. (Singer, 
W478, G180) 

4. The nucleus of an atom has a positive electrical charge. 
(Singer, W478, G180) 

5. The electrons around the nucleus have a negative charge. 
(Singer, W478, G180) 

6. A neutral substance becomes positively charged when it 
gives up electrons. (AB, G181) 



Legend; Lerrers and numerals in parent^heses refer fo following 
fexfis; W128-page 128 in Whire (93) j G181-page 181 in 
Gamow (25); Sl-Singer (23); ABC-American Book Co. (36); 

RP- Row- Peterson (56); HTW-Holt, Rinehart, Winston (7); 
SF-Scoft Foresman (4). 

*Statements are not necessarily in order that they were presented 
in unit. 
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7. A neutral substance becomes negatively charged when It 
takes on additional electrons. (AB, G181) 

8. Neutral objects are neither positively nor negatively 
charged. (AB, W478) 

9. Like electrical charges repel each other, but unlike 
electrical charges attract. 

C. STATIC ELECTRICITY— ELECTRICAL CHARGES 

1. Some materials readily give up electrons, while other 
materials readily capture electrons. (RP, W477, G180) 

2. Electricity produced by rubbing one material with another 
material is called static or frictional electricity. (Singer, W475, 
G178) 



3. Electrical charges collect on the surface of a material. 
(HR, W485, G182) 

4. A neutral object is charged by conduction when it comes 
into contact with a charged object and receives electrons. (HR, 
G181) 



5. Neutral objects can be attracted by either positively or 
negatively charged objects. (HR, G182) 

D. CURRENT ELECTRICITY— OPEN AND CLOSED CIRCUITS 

1. When electrons move along a conductor, an electric current 
is produced. (HR, W486, G195) 

2. Current electricity is used more than static electricity. 
(RP, G228) 



3. An electric circuit contains a source of electrical 
energy and a path through which the current may flow. (RP, G199) 

4. A closed circuit has no gaps in the path of the current 
of electricity. (RP, G199) 

5. An open circuit has a gap somewhere in the path of the 
current. (RP, G199) 

6. An electric circuit may be connected in series or in 
parallel. (RP, W488, G200) 
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E. curent electricity— conductors and non-conductors 

1. All materials offer some resistance to an electric cur- 
rent. (RP, W490, G182) 

2. An electric current flows easily along good conductors 
of electricity. (RP,W481, G182) 

3. Most metals are good conductors. (RP, W480, G182) 

4. An electric current does not flow easily along poor con- 
ductors of electricity. (RP, W481, G182) 

5. When an electric current flows along a wire, the wire 
Is heated. (SF, W524, G204) 

6. In electrical heating appliances a current Is sent along 
a wire which Is a poor conductor. (HR, W525, G204) 

7. When a large electric current flows along a wire which 
Is a poor conductor. It may become hot enough to give off light. 
(HR, W524, G204) 

F. CURRENT ELECTRICITY- -DIRECT CURRENT AND ALTERNATING CURRENT 

} 

1. The chemical changes In an electric cell provide an ex- 
cess of electrons at the negative terminal and few electrons at the 
positive terminal.- (HR, W486, G196) 

2. The Increase of electrons at a terminal forms a force 
which moves electrons along a conductor. (HR, W489) 

3. Electrons from the negative terminal of a cell will 
readily flow along a conductor tending to equalize the number of 
electrons at each terminal. (HR, W489, G195) 

4. Since current produced by a cell flows In one direction 
only, it is called direct current. (HR, W547, G195) 

5. Alternating currents flow first In one direction and 
then in the opposite direction. (RP, W547) 

6. Electricity from a generator may be either direct current 
(DC) or alternating current (AC). (RP, W524) 

7. Electric current may be used to: heat or cook, make 

light, send messages, and run machines. (RP, W524) 



o 
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G. ELECTROMAGNETS 

1. Moving a solid conductor through a magnetic field will 
generate an electric current. (HR3, W543, G220) 

2. A magnetic field around a wire is created by sending a 
current of electricity along the wire. (AB, W528, G211) 

3. An electromagnet consists of a piece of iron within a 
coil of wire, along which a current of electricity is sent. (RP i 
W529, G214) 

4. An electromagnet has a North-seeking pole and a South- 
seeking pole, just as other magnets do. (SF, W529) 

5. An electromagnet can be made stronger by increasing the 
number of turns of wire wound around the core or by increasing the 
current. (SP, W537 , G212) 

6. An electromagnet has considerable force only so long as 
the electric current is flowing. (SF, W537 , G212) 

7. Electromagnets are important parts of electric motors. 
(RP, W531, G218) 
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GENERALIZATIONS ABOUT HEAT ENERGY USED IN UNIT WITH THEIR 
DOCUMENTATION IN COLLEGE PHYSICS TEXTS AND K-12 SCIENCE 

TEXTBOOK SERIES* 

A. MATTER AND HEAT ENERGY 

1. Matter exists In three states: solids, liquids, gases, 

(ABC, W193, G30) 

2. Matter Is made up of atoms which combine to form mole- 
cules. (ABC, W195, G180) 

3. The molecules are vibrating and moving very fast. (ABC, 
W193, G331) 

4. In a solid, the molecules are held close together by 
mutual attraction. (HRW, W199, G328) 

5. In a liquid, the molecules are able to flow past one 
another. (HRW, W197, G328) 

6. In a gas, the molecules are relatively far apart. (HRW, 
W196, G328) 

7. Heat energy Is the energy of motion of the molecules of 
a body. (HRW, W271, G153) 

8. The sun transfers a great deal of heat energy to earth. 

(RP, W292, G520) 

9. Chemical changes, electricity, and friction are common 
sources of heat. (RP) 

10. Heat energy may be changed to other forms of energy such 
as light, chemical, electrical, and mechanical energy. (ABC, W134, 
G176) 



Legend: Letfers and numerals In paren^heses refer to following 

texts: W128-page 128 In Whlfe (93); Gl81-page 181 In 

Gamow (25); Sl-Slnger (23); ABC-Amerlcan Book Co. (36); 
RP-Row Peferson (57); HTW-Holt, Rinehart, Winston (7); 

SF- Scott Foresman (4). 

^Statements are not necessarily In order that they were presented 
In unit. 
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B. MEASURING HEAT ENERGY--TEMPERAXURE , THERMOMETERS 

1. The amoune of heat energy in a material can be measured. 
(RP, W271, G153) 



2. Touching, seeing or other senses are not accurate ways 
to measure temperature. (RP, W2, G144) 



3. Temperature is a measure 
of the molecules in a material. 



of the average energy of motion 
(ABC, W260, G153) 



4. Temperature is not a measure of the total amount of heat 
in a material. (ABC, W271, G153) 

5. Thermometers are used to measure temperature. (RP, W260 
G144) 

6. Thermometers can be made by using air and water, alcohol 
or metals. (RP» W260, G145) 



7. The fluid in a thermometer indicates te«Pe«ture changes 
by expanding when heated and contracting when cooled. (RP, W260, 

G145) 



8. The Fahrenheit scale and Centigrade scale are two common 
ways of marking thermometers. (RP, W261, G146) 



C. EXPANSION AND CONTRACTION 

1. Most matter expands when it is heated and contracts when 
it is cooled. (ABC, W263, G144) 

2. Removing heat from water causes it to contract until 4°C 
and then water expands until QOC. 

3. Adding heat increases the speed of the molecules in a 
substance. (ABC, W196, G330) 

4. A solid may be changed to a liquid or a gas by adding heat 
energy. (HRW, W196) 

5. Removing heat from a substance will decrease the speed of 
the Biolecules. (HRW, W197, G330) 

6. Removing heat from a material will cool it. (EP, W288) 

7. A gas may be changed to a liquid or solid by removing heat 
energy. (HRW, W197-200) 
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8. Evaporation is an important way to cool something. (RP, 
W297) 

D. TRANSFER OF HEAT ENERGY 

1. It Is natural for heat to travel from a hot region to a 
cooler region. (HRW, G176) 

2. Although heat energy may change Its form, It is never 
lost In moving from one place or form to another. (HRW, W134, 
G168) 

E. TRANSFER OF HEAT ENERGY— CONDUCTION 



1. Heat may be transferred by conduction, convection, or 
radiation. (ABC, W283) 

2. In conduction, heat energy Is transferred from one mole- 
cule to another. (ABC, N284) 

3. Heat travels easily through good conductors of heat. (RP, 
W285, G157) 

4. Metals conduct heat better than liquids or gases. (ABC, 
G157) 

So There are some materials through which heat does not 
travel easily and they are called poor conductors of heat or 
Insulators. (RP, W283, G157) 

6. Paper, water, air and glass are often used as Insulators. 
(ABC, W284, G159) 

7. Poor conductors can be used to keep hot things hot or 
cold things cold. (RP, W188, G159) 

8. An Insulator keeps most of the heat from moving Into a 
cooler region. (ABC, G176) 

F. TRANSFER OF HEAT ENERGY— CONVECTION 



1. Convection Is the transfer of heat energy of molecules 
In moving currents of fluids. (ABC, W283, G159) 



2. Convection currents in fluids are created when the lighter 
parts of a fluid are forced upward by cooler and heavier parts 
which gravity forces downward. (HRW, W285, G159) 
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3. Convection currents' in sir occur when wsm sir is pushed 

upvsrd by colder, hesvler sir, which is pulled downwsrd by grsvity 
(SF, W286, G159) / 8 > 

A. Hest Is trsnsf erred by molecules In the convection currents 
to other molecules in the fluid. (ABC, G159) 

5. Atmospheric clrculstion end ordinary ventllstlon depend 
upon convection currents. (ABC, W286, G159) 

G. TRANSFER OF HEAT ENERGY— RADIATION 

1. Rsdlstlon is emitted by almost all materials. (W290 

G279) * 

2. Although most radiant energy cannot be seen, it travels 
like rays of light. (HRW, W287, G161) 

W291^*G160)^*^ travels to earth by radiation. (ABC, 

4. When an object absorbs radiant energy, its molecules move 
faster and Increase its heat energy. (ABC, W289) 

5. Mirrors and shinning surfaces reflect radiant energy. 

(HRW, W291) 

6. Dark objects absorb radiant energy. (ABC, W290) 



Appendix G-1 

The Universe of Discourse for the Project 
and Scoring Multiple-Choice Test Questions 

1. Members of the Universe of Discourse 

For the purposes of this study, the expression "universe 
of discourse" referred to all of the written and spoken symbols 
and the imagery used to communicate a set of ideas about simple 
machines, electrical energy, and heat energy to all pupils in 
the sample. This Included the symbols and Ideograms used in 
the texts, filmstrips, class discussions, experiments or activ- 
ities, and similar events which were Intended to communicate 
ideas or percepts of the topic being studied. The written plans 
of Instruction In Appendix I attempted to communicate certain 
stereotypes and conventional relationships among them. 

In discussing the plans of Instruction with teachers, the 
researcher alv^ays specified that any of the Ideas being studied 
were subject to change and refinement as the pupil learned 
more about the world in which we live. 

The Instructional program conducted In this study may be 
considered an Information processing task for the pupils. 

Their understandings of these components may be evaluated In : & 
terms of the pupils' successes or failures in identifying and 
retaining their perceptions of the conventions or stereotypes 
in the universe of discourse. 

The multiple-choice test Items were composed of the verbal 
symbols and Ideograms which formed a subset of the universe of 
discourse. Pupils' responses (correct or Incorrect) to test 
Items provided an Indication of their understanding or misunder- 
standing of these components and the conventloal relationships 
among them. Each collection of 50 test questions provided an 
estimate of the pupils' success in coping with this Information 
processing problem. 

This is illustrated in Figure 18 , in which the rectangle at 
the top of the figure refers to ail of the concepts taught, under 
stood, and misunderstood during the entire unit of Instruction. 
That is, the rectangle refers to all of the elements in the 
universe of dlscou'se. If one considers the lage number of 
pupils, teachers, instructional materials and time devoted to 
each unit. It should be obvious that the universe of discourse In 
eludes a tremendously large number of elements. The small rec- 
tangles at the bottom of the figure Indicate the 50 item tests 
which were used to provide an estimate of the pupils' understand- 
ing of the much larger set of generalizations in the universe of 
discourse. To be very precise, each of the tests should also 
be considered as members of the universe of discourse. 
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Figure 18 RELATIONSHIPS OF THE UNIVERSE OF DISCOURSE 

TO THE UNIT ACHIEVEMENT TESTS 
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It should be noted that the test Item geoierellzatlons are 
also crude assessments of pupils' understanding of the broad 
science generalization to which the test Item corresponds. Each 
Individual test Item forms a minimal level of measurement of 
pupils' understanding of the corresponding science generalization. 
Moreover, the major science generalization Is simply one of the 
generalizations which constituted the universe of discourse. 

This has been Illustrated In Figure 19 , which used a rectangle 
at the top of the figure to refer to a sub-set of the universe of 
discourse. This sub-set iacltides all written and spoken symbols 
and Ideograms used to comminlcate a set of Ideas about the single 
generalization: "All matter Is composed of atoms." The major 

aelance generalization was merely one of the generalizations In 
the universe of discourse, but It also contained a very large num- 
ber of elements. 

In contrast to the large number of elements In this sub-set, 
the figure Indicates that only three test Items were used to 
estimate pupils' understandings or misunderstandings of this 
major science generalization. This is also Illustrated by the 
three "test Item" rectangles at the bottom of Figure 19 . These 
test items are considered members of a much larger collection 
of test Items which might have been utilized to assess pupils' 
comprehension of the major science generalization. 



\ 
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FlRure IQ RELATIONSHIP OF THREE TEST ITEMS TO A SINGLE 
GENERALIZATION IN THE UNIVERSE OF DISCOURSE 



Subset; of Universe of Discourse 

The set of all written and spoken symbols 
and Idlograms used to communicate a set of 
Ideas about the generalization: 

"All matter is made of atoms." 
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2. Scoring Pupils' Responses to Test Items 

If a pupil responds correctly to the pre-test for simple 
machines (M12) , then this provides some indication of the indivi- 
dual's understanding of the idea which corresponds to that test 
item. If there are four options as correct answers, then a pupil 
may guess the correct answer approximately 1/4 of the time. How- 
ever the use of double precision scoring required the pupil to 
make the same correct response on the pre-test (Ml 2).,., and on the 
post-test (M23) administered after instruction has concluded. 

This double precision scoring is indicated by the expression 
(M12) for the machines pre-test, and it implied that the P*‘®°** 
bility of guessing the correct response was the product of the 
fraction (1/4) •(i/^or 1/16. 

It has been argued, that these are not independent adminis- 
trations of different test items and therefore there will be a 
practice effect which would alter the 1/16 estimate of the 
likelihood of random guessing. The researcher would argue that 
It is very unlikely that an intermediate grade pupil would 
remember the exact response that he made to a particular test 
item during a 30-minute period when it was administered and 
retain that exact impression for five to eight weeks until the 
post -test was administered during another 30-minute period. The 
researcher would argue that a tremendously large number of events 
occur to any child in an elementary school during a five hour 
day and that this is further complicated by the events which 
happen to that child at home and in other activities during the 
five to eight weeks between test administrations. As a conse- 
quence of the researcher's experience, he has come to believe j 

that pupils have nmny activities and problems to concern them t 

other than waiting for some particular test item or set of test j 

items to be administered to them at some particular time in 
the distant future. 

j 

To be sure, some test Items may be so unusual that the 
child will recall his particular response to the test question, 
but the researcher is not inclined to believe that there were a 
large number of these Items on any of the unit achievement 

tests. 

Therefore, the researcher has argued that the probability 
that any youngster will respond correctly to the double precision 
test Item (M12) or any of the other double precision test items 
is approximately 1/16. If the reader is not persuaded by these 
arguements, then he would be advised to modify his confidence 
in the results of this study. 
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The "double precision" scoring procedure suggests that it is 
important to have precise information about what was understood 
by pupils before instruction and what was understood and retained 
by pupils after instruction had ended. It assumes that a pupil 
who understands the "conventional^* or "stereotype" answer' to a 
question before instruction, will also select that appropriate 
answer after instruction. It also makes the assumption that if 
the generalization was not remembered by a pupil, then the pupil 
will be seriously handicapped in utilizing that generalization 
to help him to interpret the world in which he lives. 

Figure 2 Oshows a tree diagram of responses which any pupil 
might make to any test item on the pre-test, post-test, and re- 
tention test for each unit of instruction. It is obvious that 
the pupil may respond in such a way as to have a correct answer, 
an incorrect answer , or the test instructions permitted him to 
indicate that the answer yas unknown to him. The tree diagram 
makes it possible to define rather precisely the segments which 
indicate the pupil's understanding or lack of understanding of 
the idea being measured by the test question. In the figure, the 
heavy dark line indicates a hypothetical path of correct answers 
to this test question administered on the pre-test, post-test, and 
retention test. The various branches of the tree diagram suggest 
error patterns which might occur for any of the 50 test items for 
any pupil in the sample. At the end of Appendix G, there is a 
listing of misconceptions which may be inferred from the various 
error responses to questions included in the machines test. 

If the reader can conceive of a network of SO more tree 
diagrams similar to the diagram in Figu|re20 > then he will have 
a general idea of the possible response paths open to each pupil 
in this study, for a single unit achievement test. Conventional 
scoring p ecedures recommend tallying the correct points in that 
maze of interlocking lines to indicate the success or failure of 
a pupil in some endeavor. Sometimes, the conventional scoring 
procedures favor "correction for guessing" by subtracting a 
fractional portion of the incorrect responses from the correct 
response tally. The extent to which this oversimplifies the problem 
should be apparent to the reader. 

Double precision scoring makes a modest improvement, in the 
judgement of the writer, by suggesting that the segment between 
the consistently correct or the consistently incorrect responses 
should be utilized as indicators of pupils' success or failure. 

In this project, the researcher has written a computer program 
which conducted the double precision scoring tasks and provided 
an English printout of the correct as well as the incorrect re- 
sponses. A sample of an individual profile is also included in 
Appendix G. 318 
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Pre-Test 



Pre-Test and 
Post-Test 



Pre-Test 
Post-Test and 
Retention Test 
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It is the writer’s view that the raw score or total of cor- 
rect responses to any multiple-choice test is a very 
cator of a pupil's understanding or misunderstanding of any topic. 
There is a tremendous amount of information about the pupil s un- 
derstanding or misunderstanding, which is recorded on his answer 
sheet. With the availability of high speed data .. 

equipment, researchers have an obligation and an “^“*"** 

to pursue the other branches in the network of pupils responses 
to the multiple-choice queetione# 
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COMPUTER PRINT- DIAGNOSTIC PROFILE OF PUPIL-S UNDERSTANDING 




ID NAME 



SCHOOl^iTEACHER ... GRD SSS IQQ RDG SEC 



1349 GREENfTHOMAS 



CERVENYtJAClCSQI^ 



. 5 52 109 53 MID 



TOPIC REQUESTED ELECTRICITY. . r INfPBMAT J ON„ I S AVAILABLE 

A. TOPICS AND CONCEPTS UNDERSTOOD# 

l.ELECTRICAL ENERGY 

E2 ENERGY OF L IGHT *HEAT »CHEM CHG MAY BE CHANGED TO ELE ENERGY 
2. STATIC ELECTRICITY-ATOMIC STRUCTURE 
E3 ALL MATTER IS MADE OF ATOMS 
E4 EVERY ATOM HAS NUCLEUS 
E5 AROUND NUCLEUS OF ATOM ARE ELECTRONS 
E7 ELECTRONS HAVE (-) CHARGE 

* UNDERSTANDING BASED ON CORRECT RESPONSES TO POST-UNIT TEST AND 
RETENTION TEST QUESTIONS AFTER INSTRUCTION DURING 1965-1966 

B. TOPICS AND CONCEPTS MISUNDERSTOOD*# 

2. STATIC ELECTRICITY - ATOMIC STRUCTURE 
E6 NUCLEUS OF ATOM HAS 1+) CHARGE 

E8 NEUTRAL MATL BECOMES (+) WHEN IT GIVES UP ELECTRONS 
E9 NEUTRAL MATL BECOMES (-) WHEN IT GAINS ELECTRONS 
3.STATIC ELECTRICITY - ELECTRICAL CHARGES 

E14 elec CHARGES COLLECT ON SURFACE OF MATERIAL 
**MISUN0ERSTANDING BASED UPON INCORRECT RESPONSES TO POST-UNIT TEST AND 
RETENTION T EST . QUEST IONS AFTER INSTRUCTION DURING 1965-1966 

C. INQUIRY SKILLS IN SCIENCE 

1. DEFINING PROBLEMS - NO INFORMATION 

2. GENERATING HYPOTHESES -NO INFORMATION 

3#SKILL IN FORMING GENERALIZATIONS - NO INFORMATION 
4. SKILL IN FORMING WAYS TO TEST IDEAS - NO INFORMATION 

5. PROFICIENCY IN LOGICAL REASONING - NO INFORMATION 
D* PREVIOUS STUDIES OF TOPIC - NO INFORMATION 

E. PREVIOUS STUDIES OF PHYSICAL SCIENCE TOP ICS. DATES *MATLS- NO INFORM 
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- DIAGNOSTIC PROFILE OF CLASS-S UNDERSTANDING 
OF SCIENCE TOPICS UU/1/66) 

A, IDENTIFICATION- 

CLASS - NO PURL - SCHOOL-TCHR - GRADE 
SECTION 11 (35) CERVENY (JACKSON) 5 

d. PREVIOUS TEST RESULTS - 1961-2 1962-3 1963-A 1964-5 1965-6 

1. MEDIAN SCIENCE 

2. MEDIAN IQ 

3. MEDIAN READING COMP 

C. SOCIO-ECON TRAITS OF SCHOOL COMMUNITY 

•05 PROF* .07 MGRL* .43 SKLD* .20 SALES* .25 SERVICE* 

D. TOPICS AND CONCEPTS UNDERSTOOD* PERCENT 

1. ELECTRICAL ENERGY - CLASS MEDIAN .45 

El ELEC ENERGY PRODUCED BY FLOW OF CHARGED BODIES .40 

E2 ENERGY OF L I GHT * HEAT *CHEM CHG MAY BE CHANGED TO ELEC ENER .50 

2. STATIC ELECTRICITY - ATOMIC STRUCTURE CLASS MEDIAN .50 

E3 ALL MATTER IS MADE OF ATOMS *80 

E4 EVERY ATOM HAS NUCLEUS *82 

E5 ELECTRONS TRAVEL AROUND NUCLEUS OF ATOM *75 

E6 NUCLEUS OF ATOM HAS (+) CHARGE *40 

E7 ELECTRONS HAVE (-) CHARGE *70 

E8 NEUTRAL MATL BECOMES (+) CHARGED WHEN IT LOSES ELECTRONS .10 

E9 NEUTRAL MATL BECOMES (-) CHARGED WHEN IT GAINS ELECTRONS .15 

ElO NEUTRAL MATL IS NEITHER (+) NOR (-) CHARGED *50 

Ell LIKE ELECTRICAL CHARGES REPEL* UNLIKE CHARGES ATTRACT .20 
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Student Migunderstendlng at Indicated by Incorrect 
Reaponaes to Items on Machines Test 

11. Student believes that earth has mechanical energy for use. 

13. Student believes that sun has mechanical energy ready for use, 

14. Student believes that wood has mechanical energy ready for 
use. 

21. Student believes a boy retains energy after using energy In 
race. 

22. Student believes a boy has "used up" all energy In running 
race. 

23. Student believes a boy did not use energy In running a race. 

31. Student believes no work Is done when water Is running Into 
a sink. 

32. Student believes no work Is done when a boy throws a ball. 

34. Student believes no work Is done when water Is running, a boy 
throws a ball, or man leans against tree. 

42. Student believes no work Is done when a pencil Is used to 
scribble on paper. 

43. Student believes no work Is done when a pencil Is thrown at 
wall. 

44. Student believes no work Is done when a pencil rests on a 
desk. Is used to scribble on paper, or Is thrown at a wall. 

51. Student believes that In a second-class lever, the fulcrum 
Is between load and force. 

53. Student believes that for a second-class lever, the load Is 
placed on top of the force. 

54. Student believes that for a second-class lever, the force Is 
between fulcrum and load. 

61. Student believes that for a third-class lever, the fulcrum 
Is between the load and force. 
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62. Student believeo thet for e thlrd-cleei lever, the load le 
between the fulcrum and force. 

63. Student believes that for a third-class lever, the load is 
on top of the force. 

71. Student believes that a load can be moved by an equivalent 
force when force arm equals the load arm. 

72. Student believes that a load can be moved by an equivalent 
force when the load arm is greater than force arm. 

74. Student believes that the load will be lifted when a greater 
force between the load and fulcrum pushes the load downward. 

82. Student believes that no work is done when load equals force, 
and the load arm is greater than the force arm. 

83. Student believes that no work is done when a ten pound load 
on a long load arm is acted upon by 100 pound load on short force 

am. 



84. Student believes that no work is done when a ten pound load 
and a 100 pound force are exerted in the same direction. 

91. Student believes that load and force travel the same distance 
when load arm is greater than force arm. 

92. Student believes that the load and force travel at the same 
speed when the load arm is greater than force arm. 

94. Student believes that a 100 pound force on a small force 
arm will travel farther than a ten pound load on a long load am. 

102. Student cannot identify load arm and force am in a first- 
class lever. 

103. Student cannot distinguish between load am and force am 
in first-class lever. 

104. Student cannot distinguish between load arm and force arm 
in first-class lever. 

111. Student cannot distinguish between load arm and force am 
in a first-class lever and a third-class lever. 

113. Student cannot distinguish between load am and force am 
in two first-class levers. 

114. Student cannot distinguish between force am and load am 
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121. Student believes that thirty pound force will not move ten 
pound load when load arm is twice as large as force arm. 



123. Student believes that great force on a long force arm will 
not move a small load on a small load arm. 

124. Student believes that a large force will not move a small 
load when the force arm equals the load arm. 

131. Student believes that a large force on a small force arm 

travels at the sa^ie speed as a small load on a large load arm. 

132. Student believes that a large force on a large force arm 

will travel at the same speed as a small load on a small load arm. 

133. Student believes that a large force on a large force arm 
will travel at same speed as small load on small load arm. 

141. Student believes that large force on small force arm will 
travel farther than small load on large load arm. 




142. Student believes that large force on large force arm can be 
moved by small load on small load arm. 

144. Student believes that when the force arm equals the load 
arm, the large force travels farther than the small load. 



152. Student believes that a large force on a large force arm 
can be moved by a small load on a small load arm, and the small 
load will travel faster than the larger force. 




153. Student believes that a large force on a large force arm 
and a small load on a small load arm will cause the small load to 
travel faster than the force. 

154. The student believes that when the force arm equals the 
load arm, the small load travels faster than the larger force. 

161. The student believes that when a large force on a small 
force arm and a small load on a large force arm are used, then 
the load and force travel the same distance. 

162. The student believes that the small load on a small load 
arm can move a large force on a large force arm, and the load 
and force will travel the same distance. 

163. The student believes that a small load on a small load arm 
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can be moved by a large force -oh a large force arm, and the force 
and load will travel the aame distance. 

171. The student believes that a shovel is not usually used as 
a lever. 

173. The student believes that a crowbar is not usually used as 
a lever. 

174. The student believes that a hanraer is not usually used as 
a lever. 

182. The student believes when the force arm of a lever is made 
longer, then the load is harder to move. 

183. The student believes that when the force arm is made longer 
for a lever, then this does not change the speed at which the 
force moves. 

184. The student believes that when the force arm is made longer, 
then the load will move faster. 

191. The student believes that when a lever is to be used to lift 
a rock, the fulcrum should be near the rock or directly under it 
so that the smallest force will be used to lift it. 

192. The student believes that when a rock is to be lifted by 

a lever the fulcrum should be placed close to the rock or directly 
under it so the smallest force will be used to lift it. 

194. The student believes that when a rock is to be lifted with 
a lever the fulcrum should be placed far away from the rock so the 
smallest force will be used to lift it. 

201. The student believes that a 60 pound force will balance 
evenly with a 20 pound load on a singlet fixed pulley. 

202. The student believes that a 60 pound force moves faster 
than 20 pound load on a single fixed pulley. 

203. The student believes that the 20 pound load travels farther 
that the 60 pound force on a single fixed pulley. 

212. The student believes that a 50 pound load can be raised by 
a ten pound force on a single fixed pulley. 

213. The student believes that a ten pound load can be raised 
by nine pound force on a single fixed pulley. 
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214. The student believes thst a ten pound load can be raised 
by a five pound force on a single fixed pulley. 

221. The student believes that a 50 pound load can be raised by 
a 25 pound force on a single fixed pulley. 

222. The student believes that a 50 pound load can be moved by a 

50 pound force used on a single fixed pul ley (friction not considered 

by pupils). 

224. The student believes that a 50 pound load can be moved by a 
force of less than 50 pounds on a single fixed pulley. 

231. The student believes that a load on a two-strand movable 
pulley travels faster than the lifting force. 

233. The student believes that a 50 pound load cannot be moved 
by a 40 pound force on a two- strand movable pulley. 

234. The student believes that the load on a two-strand movable 
pulley will travel farther than the moving force. 

241. The student believes that a flag pole does not usually use 
a pulley. 

243. The student believes that a steam shovel does not ordinarily 
use a pulley. 

244. The student believes that an elevator does not usually use 
a pulley. 

251. The student believes that the load on a mof^^able pulley 
travels farther than the lifting force. 

252. The student believes that the load on a movable pulley 
travels as far as the force which lifts it. 

253. The student believes that a load on a movable pulley can be 
raised two feet by a force which travels only three feet. 

262. The student believes that a two- strand movable pulley requires 
less effort than a four-strand movable pulley to lift a load. 

263. The student believes that a two-strand movable pulley uses 
less effort to lift a load than a four-strand movable pulley. 

264. The student believes that a single fixed pulley requires less 
effort to move a load than a four-strand movable pulley. 
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271. The etudent believee that when a 
a email diameter Wheel make a complete 
•ame distance. 



large diameter wheel and 
turn, they will travel the 



272. The student believes that when a small wheel and a large 
wheel make one complete turn, the small wheel travels faster. 



274. The student believes that when a large wheel • smII 
Wheel make one complete turn, the small Wheel travels farther t an 

the large wheel. 

282. The student bd levee that when a bicycle wheel Is 

the point at the center travels farther than other points on the 

Wheel . 

283. The student believes that when a bicycle wheel Is turned, a 
point on one of the spokes travels farther than a point on the 

ring. 

284. The student believes that when a bicycle wheel is turned, 
all points on the Wheel travel the same distance. 

292 The student bleieves that When an airplane propeller it 
turaed! a point at the center travel, farther and faster than any 
Other point on the propeller. 

293. The student believes that when an airplane propeller Is 
turned, a point In the middle of the blade travel, farther and 
fatter than a point on the tip. 

294. The student believes that when an airplane propeller is 
turned, all points on the propeller travel at the same speeds 

301. The student believes that when an electric fan blade is 
tum.d, a point at th. enter travel, faster than any other point 

on the blade. 

302. The student believes that when an electric fan blade is 
turned, a point In the middle of the blade travels faster than 

a point on the tip. 

304. The student believes than when an electric fan blade Is 
turned, all points on the blade travel at the same speed. 

311. The student believes that a 40 pound load on a small axle 
will lift a 20 pound load on the large wheel of the wheel and 

axle machine. 



313. The student believes that a Wheel and axle machine operates 

by having both weights go down. 
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314. The student believes that a 40 pound weight on the small axle 
of a wheel and axle machine will balance a 20 pound weight on its 
large wheel. 

321. The student believes that a narrow handle of a screw driver 
will make it easy vto turn a screw. 

322. The student believes that a slender handle of a screw driver 
makes it easy to turn a screw. 

323. The student believes that a long blade and a long handle make 
It easy to turn a screw. 

331. The student cannot Identify a large axle arm of a wheel and 
axle. 

333. The student cannot identify a large axle arm of a wheel and 
axle. 

334. The student cannot Identify a large axle arm of a wheel and 
axle. 

341. The student believes that a small wheel of a wheel and axle 
will use the least force to move a load. 

342. The student believes that a small wheel of a wheel and axle 
will use the least force to move a load. 

343. The student believes that a moderate size wheel of a wheel 
and axle machine uses the least force to move a load. 

352. The student believes that traveling up a set of stairs is an 
example of a screw. 

353. The student believes that traveling up a flight of stairs is 
an example of a lever. 

354. The student believes that traveling up a set of stairs is an 
example of a wedge. 

361. The student believes that the screw with the smallest number 
of threads is easiest to use in wood. 

362. The student believes that a screw with a few threads is easier 
to use in wood than a screw with many threads. 

364. The student believes that the screw with the least nuinber of 
threads is easier to use in wood than a screw with many threads. 

371. The student believes that the wedge with a 20 degree angle 
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it easier to use In wood than a wedge with a 5 degree angle. 

372. The student believes that the wedge with a 50 degree angle is 
easier to use in wood than a vedge with a 5 degree angle. 

373. The student believes that the wedge with a 70 degree angle 
is easier to use in wood than a wedge with a 5 degree angle. 

382. The student believes that friction does not exist bett#een a 
man and air passing over him. 

383. The student believes that friction does not exist between 
the sail on a boat and wind passing over it. 

384. The student believijs that friction does not exist between a 
boat and the water it floats upon. 

391. The student believes that friction is greater where a person 
is stnading than at a point supporting a large box and the person. 

393. The student believes that friction is greatest on some point 
on an inclined plane. 

394. The student believes that friction is greater where a force 
is exerted to move a large box supporting a person than at a point 
under the box. 

401. The studient believes that friction does not exist between a 
man and air passing over him. 

402. The student believes that friction does not exist between a 
wagon and air passing over it. 

403. The student believes that friction does not exist between 
the sidewalk andl a wagon traveling over it. 

411. The student believes that when hands are rubbed together 
quickly they become warm because energy is passing from one hand to 
the other hand. 

412. The student believes that when hands are rubbed together 
quickly they become warm because of mechanical energy between the 
hands. 

414. The student believes that when hands are rubbed together 
quickly, they become warm because the hands are moving. 

421. The student believes that a fan has some friction but roller 
skates or airplanes may not have friction. 
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422. The student believes that roller skates have some friction 
but fans or airplanes may not have friction. 

423. The student believes that airplanes have some friction but 
fans or roller skates may i.ot have friction. 



431. The student believes that 
an example of sliding friction. 

432. The student believes that 
of sliding friction. 

434. The student believes that 
of sliding friction. 

441. The student believes that 
fluid friction. 

442. The student believes that 
example of fluid friction. 

443. The student believes that 
of fluid friction, 

452. The student believes that 
example of rolling friction. 

453. The student believes that 
example of rolling friction. 

454. The student believes that 
of rolling friction. 

461. The student believes that 
objects traveling through air. 

463. The student believes that 
objects traveling through air. 

464. The student believes that 
objects traveling through air. 



roller skating on a sidewalk is 
singing in the wind is an example 
swinning in a lake is an example 
swimming is not an example of 
the Mississippi River is not an 
a thunder storm is not an example 
writing on a chalk board is an 
running to an automobile is an 
walking on a sidewalk is an example 
grinding friction is important to 
rolling friction is important to 
sliding friction is important to 



471. The student believes that sliding friction is important to 
the use of automobiles, roller skates, and bicycles. 

473. The student believes that grinding friction is important to 
the use of automobiles, roller skates, and bicycles. 

474. The student believes that fluid friction is important to the 
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u»e of automobiles » roller skates, and bicycles. 

481. The student believes that when a 100 pGund stick fsam travels 
upward for five feet that he has done 104 units of work. 

482. The studept believes that when a 100 pound stick man travels 
upward for fivfi feet that he has done 400 units of work. 

483. The student believes that when a 100 pound stick man travels 
upward for five feet that he has done 120 units of work. 

491. The student believes that if two pounds of snow are lifted 
six feet, then eight units of work have been done. 

492. The student believes that if two pounds of snow are lifted 
six feet then four units of work have been done. 

494. The student believes that if two pounds of snow are lifted 
six feet then three units of work have been done. 

501. The student believes that if three boys jump off a six foot 
porch then three units of work were done. 

502. The student believes that if three boys jump off a six foot 
porch then 18 units of work were done. 

504. The student believes that if three boys jump off a six foot 
porch then no work was done. 
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FIGURE 22 SIMPLIFIED FLOWCHART ILLUSTRATES COMPUTER PROGRAM TO PRINT PUPILS CORRECT (INCORRECT) RESPONSES TO UNIT TESTS 
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Appendix H-1 

Table 177 FORMULAS USED IN STATISTICAL ANALYSIS OF DATA 



Analyais of Variance (One Way ) 



ST. DEV.; 



SDiS^ Si 



Nl 



(Xij -X 



where SDi Is the standard 
deviation within g^roup 1 



Nl - 1 

Nl Is the number of observations In group 1, Xi Is 
the mean for the variable Xi In group 1. 



ERROR SS: 



TREATMENT SS: 



Total SD« 



k 



Nl 

fz 

w (Xtj«x) 



N-1 



where N Is the 
total number of 
the mean for the 



observations In the sample, X Is 
total sample for the variable X, .and k Is the num- 
ber of groups. 



k Ni _ 2 

(Xi - X.) where SSyls the sums 
Jsl ^ of squares for within 

groups, k Is the number of groups, N^ Is the number 
of observations In group J and Xj Is the mean for 
the variable X In group J. 

k __ 2 

SSrsJ^ Nj(Xj - X) where SSg i» the sum of 

j«l squares for treatments, k 

Is the number of groups, Njls the number of obser- 
vations In group Xj Is the mean for the variable 
X In group J, and X Is the mean for the total sample. 



TOTAL SS; 



SSf SSy SSx Is the total simi of squares or the 
sum of the squared deviations from the general mean 
of all measures In all groups, 
k Ni _ 2 

SST=ZD Zi) 

i«l J.1 



ERROR MS: MSy a SSy /N-k where MSy Is the mean square for with- 

in groups, N Is the total number of observations In 
the sample, and k Is the number of treatment groups. 
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H-2 



TREATMENT MS: 



MSb sSSb/I^-I where MSb is the mean square for treat 
ments and k is the number of treatment groups. 



P-TEST: 



F s MSb /MS^ 



T-TEST: 



BARTLETTS TEST: 



when there are only tw treatment groups. 



df /log ^88 — log df Wpdt log 8 2 
a w ' e ^ g e VF ^ g eg 

TTTc^ndf - 1/df / (^g-3) 



where 

df » degrees of freedom 
w » within groups 
g • groups 
88 « sisns of squares 
s^ s variance 



Pearson product Moment Correlation Analys is 



CORRELATION s 

COEFFICIENT: r llpj ' 

where N is the number of observations having data 
for the calculation, and X and Y represent values 
of the variable being correlated. 
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Bartlett's Tests 22.86 ^ilth 6 df; Chi-square (.01 level)s 16.8 
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Bartlett's Test= 22.0 with 15 df; Chi-square (.01 level)= 30.6 NOT SIGNIFICANT 



H-12 

Table 187 RESULTS OF ANALYSIS OF VARIANCE TEST FOR FOURTH GRADE PUPILS* SCORES ON ELECTRICITY 

TEST (E23) AFTER INSTRUCTION 




H-13 

Table 188 RESULTS OF ANALYSIS OF VARIANCE TEST FOR FIFTH GRADE PUPILS* SCORES ON ELECTRICITY 

TEST (E23) AFTER INSTRUCTION 
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Bartlett's Test= 57.22 with 16 <if; Chi-square (.01 level) = 32.0 SIGNIFICANT 
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Bartlett's Test* 17.54 with 6 df; Chi-square (.01 level)* 16.8 SIGNIFICANT 
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F« 7.6 with 15 and 424 df; F (.01 level)* 2.12 SIGNIFICANT 

Bartlett's Test* 20.01 with 15 df; Chi-square (.01 level)* 30.6 NOT SIGNIFICANT 



H-20 

Table 195 RESULTS OF ANALYSIS OF VARIANCE TEST FOR SIXTH GRADE PUPILS* SCORES ON HEAT 

TEST (H23) AFTER INSTRUCTION 
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Bartlett's Test * 4Ivl9 with 14 <i£; Chi-square (.01 level) » 29.1 SIGNIFICANT 




Bartlett's Test* 12.06 with 14 df; Chi-square (.01 level)* 29.1 NOT SIGNIFICANT 




Test* 46.15 with 16 df; Chi-square (.01 level)* 32.0 SIGNIFICANT 




F« 11.4 with 15 and 426 df; F(.01 level)- 2.12 SIGNIFICANT 

Bartlett^s Test- 24.75 with 15 df; Chi-square (.01 level)- 30.58 NOT SIGNIFICANT 
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Graphical Analysia of Class Scores 

A. Distributions of Scores . There were three major types 
of distributions which seemed to characterise each class distri- 
bution of scores on the pre-test and on the post-tesSc The normal 
distribution occurred most frequently. For these classes » there 
was a symmetric arrangement of scores about a mean equal to sero 
and a standard deviation equal to one. In this distribution the 
Y 0 i^tlcal axis was scaled In equal units » Indicating the number 
of correct responses to the test. The horizontal axis was ex- 
pressed In equal units of standard deviation. Figure 4 shows 
a typical graph using normal probability paper. 

For curves with a log-normal distribution^ the vertical 
axis was scaled In equal units of the log of the number of 
correct responses. This Indicated an exponential Increase in 
the magnitude of correct responses to the test. The horizontal 
axis was expressed In equal units of standard deviation. This 
arrangement Is typically plotted on semi-log paper. 

For classes where the distribution was skewed » this Indicated 
an asymnetrlc distribution in which the majority of scores 
accumulated In the low region (positively skewed) or the high 
region (negatively skewed) of the horizontal axis. Gumbel's 
(26) skewed probability distribution and Powell's (62) skewed 
probability paper (Figure 5) have been used to plot test data 
which follow a skewed distribution. In the skewed distribution, 
the vertical axis may be scaled In equal units of correct res- 
ponses to the test or It may also be scaled In equal units of the 
log of the nundier of correct responses. The horlsontal axis 
Is scaled In equal units of standard deviation using Gumbel's 
distribution. 

B, Gbufiftcs In Distribution of Scores Within Classes . Table 
205 Indicates changes which might occur In the distribution of 
scores obtained for the pre-test and for the post-test. There 
were nine distributions which occured frequently within the 
classes a^d they have been Indicated In that table, althou^ 
other variations could be Identified. The normal distribution 
on the pre-test followed by a normal distribution on the post- 
test has been Indicated by the expression (H-N) . It suggests that 
the distribution of scores was unchanged by Instruction and re- 
mained syisnetrlc about the mean score. 

A normal distribution on the pre-test and a log-normal dis- 
tribution on the post-test is indicated by the expression (H-LN) . 
The log-normal distribution indicates that the rate of improvement 
is exponential and is symmetric about the log of the mean score. 
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Among othnr things* It indicstss that the constant rate of 
change produced substantially higher raw scores for those pupils 
scoring shove the median than those pupils who scored below the 
eedlan. 

Classes having a normal distribution on the pre-test and a 
positively or negatively skewed distribution on the post-test are 
Indicated by the expression (N-S). This Indicates a symmetric 
distribution before instruction, and a skewed distribution after 
Instruction In which many pupils made low scores (positively 
skewed) or many pupils made high scores (negatively skewed) after 
instruction. 

When a class has a normal distribution about the log of the 
mean score on the pre-test and a normal distribution about the 
arithmetic mean score on the post-test, this Is Indicated by the 
expression (LN-N). This suggests that pupils differed substan- 
tially in the amount of information or preparation which they 
brought to Instruction, as indicated by their exponential rate 
of change on the pre-test. However, after instruction the 
regression effect is Illustrated In the establishment of a normal 
distribution which Is synnetrlc about the arithmetic mean score. 

If a class has a normal distribution of scores about the log 
of the mean score on the pre-test and also has a normal distri- 
bution about the log of the mean score on the post-test, this Is 
Indicated by the expression (LN-LN). This Indicates that pupils 
In the same class differed substantially In the amount of Infor- 
mation or preparation which they brought to Instruction (expon- 
ential rate of increase); and this disparity continued after 
instruction had concluded. 

If a class has a normal distribution of scores about the log 
of the mean score on the pre-test and a skewed distribution on the 
post-test, this condition is represented by (LM-S). This 
suggests that there was a substantial difference in the amount 
of information or preparation which pupils brought to instruction, 
and this difference increased sharply if the distribution is neg- 
atively skewed or it regressed sharply if the distribution is 
positively skewed. 

If a class has a skewed distribution of scores on the pre- 
test and a normal distribution of scores on the post-test, this 
is indicated by the expression (S-N). This change indicated a 
shift from very high scores to lower scores or from low scores 
to relatively higher scores, depending upon whether the Initial 
distribution was negatively or positively skewed. 
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If « clMf h«i « dlitrlbution which If fkfwfd on the pre- 
test end e log-normel distribution on the post-test, this Is 
Indicated by the expression (S-LN). This suggests that there 
was a substantial change In the distribution of scores from low 
scores (positively skewed distribution) to log normal distribution. 
It could also suggest a regression iffect If the skewed distribu- 
tion was negatively skewed. 

If the distribution of scores on the pre-test Is skewed and 
the distribution of scores on the post-test Is skewed, this Is 
Indicated by the expression (S-S). If the direction of skewness 
has not changed, this Indicates that the distribution of scores 
within the cleis hat not been altered by Initruction# On the 
other hand. If there Is a complete reversal of skewness In the 
distributions, this Indicates a substantial alteration In the 
distribution of scores within the classroom. 

C. Interpretation of Hypothetical Changes In Normal 
Distributions . Figure 23 Identifies six hypothetical Instances 
In which the comparison of graphs plotted before Instruction 
with those plotted after instruction has enabled the researcher 
to detect notable changes In one or more classes of pupils. In 
hypothetical case #1, shown In Figure 23, the solid line Indicates 
the pupils* achievement before Instruction and the dash line 
Indicates the pupils* success on the same test after Instruction 
has concluded. It Is apparent that there was an Improvement In 
the class* scores after Instruction. Arbitrarily, a change of 
two raw score points In the median scores or a change of 1.5 
points In the rate of change (slope) was considered a significant 
change. Since the dash line Is parallel to the solid line In 
case #1, this Indicates that the Improvement In the pupils' 
scores was uniform for pupils who scored low, average or high ori 
the Initial test. 

In hypothetical case #2 of Figure 2 3, there were no signif- 
icant gains for the pupils as a result of the Instruction In 
the topic. This was consistent for pupils who were low, average, 
or high on the Initial test. 

In hypothetical case #3, there were no significant gains for 
the entire group. However, the sharp Increase In the average 
rate of change for the graph of scores after Instruction (dash 
line), without a corresponding significant change In the median 
scores, indicates that those pupils who made high scores on the 
Initial test did make substantial growth as a result of Instruc- 
tion. Those pupils who were low on the initial test either made 
no Improvement or made lower scores on the test after Instruction. 






Figure 23 



HYPOIHETICAL CASES ILLUSTRATE CHANGES IN GRAPHS OF 
NORMAL DISTRIBUTION FOR CLASS SCORES PLOTTED FOR 
PRE-TESTS (M12 ,E12 ,H12) AND POST-TESTS (M23 ,E23 ,H23) 



Case #1 



Scores 




Cumuletlve % of Pupils 



Case #2 

Scores 




Case #3 




Case #4 

Scores 




Cumulative % of Pupils 



Case #5 

Scores 
50 • 




(5 50 

Cumulative 7* of Pupils 



Case #6 




Cumulative 7 » of Pupils 
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In the hypothetical case #4, there were no significant gains 
for the entire group. However, the dash line shows a sharp de- 
crease in its slope when compared to the slope of the solid line. 
There was not a substantial increase or decrease in the mean 
score of pupils in this case. Therefore, it is apparent that 
pupils who scored low on the initial test made considerable 
improvement as indicated by the dash line for the test after 
instruction, and pupils who scored high on the initial test, 
regressed to a lower level. 

In hypothetical case #5, there was a significant improvement 
in the median score following instruction. However, the slope 
of the dash line has diminished sharply when it is compared to 
the slope of the solid line. This indicates that the pupils who 
scored low on the Initial test made considerable growth in their 
understanding of the topics. However, the pupils who scored 
above the median on the initial test, did not made corresponding 
growth as indicated by the post -test scores. 

In hypothetical case #6, there was a significant increase in 
the median score after instruction. Since the slope of the dotted 
line has also increased sharply, the average rate of improvement 
is substantially high for pupils who scored above the median on 
the initial test. The rate of iwiprovement diminishes for pupils 
below the median to indicate small or insignificant improvement 
in their understanding as a result of the instruction. 

Consideration of the graphs indicating mediaff scores and the 
slopes of curves which indicated the average rate of change for 
pupils before and after instruction enabled the researcher to 
draw inferences about which segments of a particular class have 
made improvement in their understanding of the topics in the 
units. It should be apparent that many of these subtle interpret- 
ations would be obscured or lost, if the researcher had neglected 
to utilise the graphical methods as a supplement to the numerical 
methods . 



369 




) 



sD 

CO 

I 

Ed 



J 




CO 

J 



a> 

I 

CO 

00 

o 



CO 

'8 

I 

0 ) 






I 

o 

^ c 

Pu 

« 00 
M O 

60 tH 

4 J • 

® S' 

fH SES 



o 

u 



*o 

0) o 

s ® 

00 

« 

iH 

t 4 C 

§■5 

“• g 

O *H 
M 

M 4 J 

fl) « 

«s 



c 

o 



*d 

•o 

I 

CO IS 
10 4 J 

« « 



2 



SS' 

'^s 

0) u 

o «« 
u o 
« 

0) 

C W 

53 

•o • 

8J 



•H 

4J 

C « 

« 

•H U 
«d «) 

Sg 

0) u 

€ I 

o 

«> 

U CO 
C -H 

•H 

CO CO 
•H 
«d 
• 4J 
CO 
4J 

CO <s 

as 

CO ^ 

sS 

*o 'd 
e 0) 

* i 

S u 
e 5 
° « 

s 3 

w U 
‘ CO *w 

C O 
O 

•H 0) 

4J 4J 

^ fl 

5 ^ 

U «) 

U 00 
CO Jl 

•d d 

13 

s:i 

t) fS 60 

S CO tC 

4J ^ 
Ch CD C 

iH 0 ) 



§ o 






•• 

•o 

S 

60 

CO 



« ^ 

CD ro »«* 

CO a 
rH a 0 ) 
U CO 

: g 8 

C TO *H 
O 0) CO 
•H CO U 

0) u £ 

c w 

■H O 

D. 

o 

U M-i 
CO O 



& 

0 ) 

4 J 

c 



Li 






f 







1 ' 



i 

f 

[ 

\ 

f 






Q 



I 

00 

ij 






t 



: 







00 

CO 




ERIC 






Legend: No.. .Number of pupils used to plot graphs 

Dist... Distribution is normal (N) , log normal (LN) , skewed (S) , log skewed (LS) 

Md*. .Median score for class 

d7/dX...Rate of change (standard deviation) 
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<flf/dX. . .Rste of change (standard deviation) 
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Dist... Distribution is normel (N) , log nomel (LN) , skewed (S) , log skewed (LS) 
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df/dX...Rate of change (standard deviation) 
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Legend: No...Nunber of pupils used to plot graphs 

Dlst. . .Distribution Is normal (N) » log normal (LN) t skewed (S) , log skewed (LS) 

Md... Median score for class 

dY/dX... Rate of change (standard deviation) 
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dY/dX...Rate of change (standard deviation) 
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SUGGESTIONS FOR TEACHING UNIT 
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Results Expected : In each instance call attention to the r 

small distance moved by the force as compared to the Fig. 3 Third Class Lesver 

large distance moved by the load. Sweeping with a broom 
or lifting a load with a shovel are clear instances of the 
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SEVEHIH DAY — GENERALIZATIONS CLASS ACTIVITIES CHATJCBOARD ILLUSTRATIOHS 
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Results Expected ? Heat from hot plate will transfer energy to Pyrex dish 
and to water until water bolls. Heat from soldering iron will travel 
along strip. This can be seen as the rows of wax melt and drop from the 
metal strip. The wax strip closest to the heat sourxe (soldering iron) 
will drop first and others will follow. 
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Fig. 1 {jbite and black papers absorb different aaounts of 
heat fro* leap. 
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Appendix J-1 

INSTRUCTIONS USED TO GUIDE TEST ABHINISTRATORS 



A* Organlxation of Material® Before Teatlng: 

1. Have about 50 penclla sharpened and ready for pupils. 

2. Be sure that you have test booklets* answer sheets for 
each class of pupils who are to be tested. 

3. Be sure that you know where the school Is located* the 
specific classes to be tested* the time you are expected* the time 
when testing Is to begin and end. 

4. When you arrive at the school* go directly to the office 
to Inform the principal or assistant principal that you've arrived. 

5. When you arrive In the classroom* sort your answer sheets 
and booklets Into convenient piles so that they may be readily dis- 
tributed. 



6. Hang the "Testing — Do Not Disturb" sign on the door out- 
side of the classroom. 

B. Administering the Test to Pupils: 

1. Introduce yourself to the class: "I am Mr. » from 

Wayne State University. We're trying to discover how much boys and 
Rlrls at school know about science. Today* I'm going to 

give you a test. It will be hard; so we'll have to work together. 
By raising your hands* show me how many I can count upon for help. 
Fine?" 



2. Have pupils clear the tops of their desks. Quickly dis- 
tribute pencils and answer sheets. Have pupils print or write first 
and last name In appropriate place. 

3. Set up sample marking space at chalkboard (see below). 

1. S i g S @ 

4. Distribute booklets to each table or row. Walt until It 

Is quiet and you have pupils' attention. Then read the directions 
precisely as they are written. Work the sample problem and mark 
the correct answer on chalkboard. If there are one or two questions 
answer them briefly and proceed Immediately to the first Item on 
the test. 429 
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5. Read each queatlon and its poaslble answer a In a loud 
firm voice. As you pronounce the answers, do not give special In- 
flection or emphasis to any answer. As a matter of fact, It Is 
preferred that you not know which answer Is the best answer. If 
pupils ask you questions about meanings of terms, do not give any 
Interpretation. 

6. Move about the classroom occasionally. Watch for pupils 
who may be marking their answer sheet Incorrectly. If this occurs, 
simply Initial the student's paper and tell him to proceed with the 
next question. 

7. Throughout the testing, try to maintain a firm, business- 
like demeanor. Use gestures, facial expressions, soundless whispers 
In dealing with the pupils. If a serious disturbance seems Imminent, 
send the pupil to the principal's office and settle the matter after- 
wards. If you notice someone copying the answers of a neighbor, 
stare at him or walk directly to his side. If this copying persists, 
simply put your Initials on his paper. However, allow him to con- 
tinue taking the test without disturbing the other students. 

8. When the test has been completed, collect the pencils, 
test booklets, answer sheets, and the test sign. Unless you must 
hurry to test another class, skim through the answer sheets to be 
sure that each one has a name. 

9. The regualer classroom teacher should be nearby. If not 
send one child to the office to Inform her that the testing Is com- 
pleted. 



10. If there were any Irregularities, make a note of these on 
the envelope containing the class's answer sheets. 
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laSTRUCTICNS FOR PR£~UN1T TEST ON MACHINES 



in the following test you will be asked questions about 
machines. After each question there will be four answers. You 
are to choose the best answer and mark the number of that answer 
on your answer sheet. Do not make any marks on the booklet. Make 
all marks on the answer sheet. 

You are not expected to know all of the answers to these 
questions about machines. Don't feel bad if you- don't know some 
of the correct answers. The purpose of this test is to find out 
how much boys and girls in the elementary schools know about 
machines before they have studied it in school. DO NOT GUESS 
yilJDhX. If you do not know the answer to a question, skip over 
that question and go on to the next. 

You will not know all of the words in the test. Your 
teacher will read the questions and possible answers with you. 

This is done to help you with some of the 'hard words. Wait until 
the questions and answers have been read aloud. Then select 
the correct answer, if you know it. If you do not know the correct 
answer, you may darken the space of answer #5. 

Let's look at this sample question: 

1. Which of the following is not a planet of our Sun? 

1. Earth 2. Mars 3. Saturn 4. Moon 

Which is the correct answer: Yes, is the right 

answer, and so you would darken space number on your 

answer sheet. 

If you wish to change an answer, erase the first mark carefully. 
Then make your new choice by darkening the space of the number 
of your new choice. 

As soon as everyone is ready, wo will begin. There are 

pages to this test. 

Are there any questions? 
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1. Which of the following will usually have mechanical energy 
ready for use? 

1^ Barth 2. Automobile 3. Sun 4. Wood 



2. When a boy runs a race what happens to the energy he used? 

1. He still has it to use again. 

2. It's all used up. 

3. He didn't use any energy. 

4. Something else has it now. 



3. A scientist would say that no work is done when: 

1. Water runs into a sink. 

2. A boy throws his ball. 

3. A man is leaning against a tree. 

4. All three of these^happen. 



4. A scientist would say that no work was done with a pencil that is 

1. resting on a desk. 

2. used to scribble on paper. 

3. thrown at a wall. 

4. anyone of these above. 




5. Look at the picture above. If this is a sec ond-class lever, 
where is the load located? ' " ' ' 



1. A 



2. B 



3. C 



4. D 



6. Look at the picture above. If this was a thi rd-class lever, 
where would the load be located? ' 



1. A 



2. B 



3. C 



4. ) 






!Piiii!NP<innp 






M 




7. at the pictures (A,B,C,D) above, in which picture will 

the #10 load be lifted? 



1. A 



2. B 



3. C 



4. D 



h® f (A,B,C,D) above, in which picture will no 
’-A 2. B 3. c 



4. D 



9 . 



Look at picture "D** above, 
that picture? 



t'Jhich of the following is true for 



1. Both load and force travel same distance. 

2. Both load and force travel at same speed 

3. 10# travels farther than 100#. 

4. 100# travels farther than 10# . 
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10 . 



11 . 



12 . 



13. 




30 

r 



D 



A 



14. 



Look at the pictures (ft,n,c,D) above. In which picture is the 
load arm longer than the 30# force am? 



1. ft 



2 . n 



3. C 



4. D 



Look at the pictures above. In which pictures is the force 
arm longer than the load arm? 



15. 



1. ft and n 



2. B and C 



3. C and D 



4. B and D 



Look at the pictures above. In which picture vtill the lever 
not move? 



1. ft 



2. B 



3. C 



4. D 



Look at the pictures above. In which pictures will the 10# 
load and the 30# force travel at the same, speed? 



1. ft 



2. B 



3. C 



4.D 



Look at the pictures above. In v;hich picture will the 304 force 
travel farther than the 10# load? 



1. A 



2. B 



3. C 



4. D 



Look at the pictures above. In which picture will the 104. load 
travel faster than the 30# effort force? 



1. ft 



2. B 



3. C 



4. D 



16. Look at the pictures above. In ivhich picture will the load and 
the force travel the same distance? 



1. ft 



2. B 



3. C 



4. D 
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17. llhich of the following is not usually used as a lever? 

1. Shovel 

2. Hand saw 

3. Crowbar 
4 • Hanuner 



IQ. 



If the lifting force is moved from A to B, which of the 



following is true? 

1. Load is easier to move. 

2. Load is harder to move. 

3. Force moves at same speed at B or A , 

4. Load moves faster. 




19. 



The roch is to be 
be placed so that 



lifted with a lever. T'There should the fulcrum 
the smallest force will be used to lift it? 



1. A or B 

2. R or C 

3. A or C 

4. C or D 




20. Consider the picture at the 
right. I*lhich of the following 
is correct? 

1. Load and force balance evenly. 

2. 60i|/ force moves faster than the load. 

3. Load travels farther than force. 

4. Load travels same distance as force. 

21, I'7ith which pulley will the load be moved upward? 



1. 2. 3. 4. 
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22 . 



23. 



In order to make this pulley work, 
to raise the load? 



1 . 25 # 

2. 50# 

3. More than 50# 

4. Leas than 50# 



how much force must bi used 







FORCE 



Consider the picture at the right 
Tfhich of the following is correct? 



1. l>oad travels faster than effort force. 

2. Force travels farther than load. 

3. Load does not move. 

4. Load travels farther than effort force. 





I 



is 



24. T*7hich of the following does not use a pulley? 



1. Flag pole 

2. Roller skate 

3. Steam shovel 

4 . Elevator 




25. If a load is raised 2 feet hy a movaVtle pulley, the lifting 
force viili trdv«l ihouit 

1 . 1 foot 

2 . 2 feet 

3 . 3 feet 

4. 4 feet 
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27, If wheels A and B make one complete turn on the* sidewalk, then, 

1. vnieel A goes the same distance as Wheel B 

2. Tilheel B travels faster than wheel A 

3. T'Theel A goes farther ttian wheel B 

4. VAieel B goes farther than wheel A 



28. A bicycle wheel is shown at 
the right with points A,B, C. 

T'Jhen it turns: 

1. A travels farthest 

2. B travels farthest 

3. C travels farthest 

4- points travel same distance 




29. 



30. 



The airplane propeller has points A,B,C 
^'Jhen it turns: 

1. A travels farthest and fastest. 

2. B travels farthest and fastest. 

3. C travels farthest and fastest. 

4. All points travel at same speed. 



The front of an electric fan 
is shown at the right with points 
A,B,C. t’Jhen it turns: 



1 . 

2 . 

3. 

4. 



A travels fastest 
B travels fastest 
C travels fastest 
All points travel at same speed, 
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31. With weights hanging from ropes as shown, 
which of the following will happen? 

1. 40# weight goes down. 

2. 20# weight goes down. 

Both weights go down. 

4. 40Sfr weight balances 20# weight. 




32. l*7hich screwdriver will need the least effort to turn the same 
screw? 

1 . 

2 . 

3. 

4. 





34. T’Jhich of the following wheels will require the least effort 
force to move the 20# weight? 




1 . 



2 . 



3. 



4. 
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35. t^yhat simple machine is illustrated 
by the stickman going up the stairs? 



1. Inclined plane 

2. Screw 

3 . Lever 

4 . Wedge 




36. T^ich of the following screws would be easiest to use in wood? 
1 ) 2 ) 3 ) gS2Pi 4 ) 







37. T'Jhich of the following wedges would be easiest to use in wood? 

2 3. 4. 



38. 



39 . 






1. Between the stick man and the sail 

2. Between the stick man and the air 

3. Between the sail and the wind 

4. Between the boat and the water 



As the box with the stick man 
is moved, where will the 
friction be greatest? 




1 . 

2 . 

3. 

4. 



A 

B 

C 

D 
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40. AS the wagon rolls along the sidewalk, 
where does friction not exist? 

1. Between air and stick man 

2 . ■ Betwaen air and wagon 

3. Between wagon and sidewalk 

4. Between stick man and wagon 



41. If you quickly rub your hands together, they become warm. What 
causes this? 

1. Energy from one hand is given to the other hand 

2. Mechanical energy between your hands 

3. Friction between your hands 

4. Moving your hands 



42. 't'lhich of the following has some friction? 

1. Fans 

2. Roller skates 

3. Airplanes 

4. All three of the above. 



43- of *rho rolloM^ing i» an example of sliding friction? 

1. Roller skating on sidewalk 

2. Singing in wind 

3. Writing on chalkv^oard 

4. Swimming in lake 




44. T’Thich of the following is not an example of fluid friction? 

1 . Swimming 

2. Mississippi River 

3. Thunderstorm 

4. Skiing 



45. Which of the following is an example of rolling friction? 



1 . 

2 . 

3. 

4. 



Bike moving on sidewalk 
Writing on chalk>>oard 
Running to automobile 
Walking on sidewalk 
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46. mat type of friction is important to objects traveling thrcjugh 
air? 

1. Grinding 

2. Fluid 

3. Rolling 

4. Sliding 



47. TJhat kind of friction is important to the use of automobiles, 
roller skates and bicycles? 



1. Sliding 

2 . Rolling 

3 . Grinding 

4. Fluid 



48. 



How much work is done when 
100# stick man runs up the 
steps? 



1. 104 units of work 

2. 400 units of work 

3. 120 units of work 

4. 500 units of work 



the 

four 




45. If the snow is lifted 6 feet, 

1. 8 units of work 

2. 4 units of work 

3 . 1<^ units of work 

4. 3 units of work 



how much work has been done? 




50. Three boys jumped off a 6-foot porch. How much work was done ? 

1. 3 units of work. 

2. 18 units of work was done. 

3. More information is needed. 

,4. No work was done. 
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PREFERRED ANSWERS TO QUESTIONS ON 
SIMPLE MACHINES TEST 




Test Item 



1 o 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 
9. 

10 . 

11 . 

12 . 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20 . 
21 . 
22 . 

23. 

24. 

25. 



Preferred 

Answer 



Test Item 



2 

4 

3 
1 
2 

4 
3 
1 

3 
1 
2 
2 

4 

3 
1 

4 
2 

1 

3 

4 
1 

3 

2 
2 

4 



26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 



Preferred 

Answer 



e 
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INSTRUCTIONS FOR POST *UK£T TEST ON ELECTRICITY 



lA 



y 




In the following test you will be asked questions about 
electricity. After each question there will be four answers. 

You are to choose the best answer and mark the number of that 
answer on your answer sheet. Do not make any marks on the booklet. 
Make all marks on the answer sheet. 

You are not expected to know all of the answers to these 
questions about electricity. Don't feel bad if you don't know 
some of the correct answers. The purpose of this test is to 
find out how much boys and girls in the elementary schools know 
about electricity after they have studied it in school. DO NOT 
GUESS WILDLY . If you do not know the answer to a question, 
skip over that question and go on to the next one. 

You will not know all of the words in the test. Your 
teacher will read the questions and possible answers with you. 

This Is done to help you with some of the hard words. Walt 
until the questions and answers have been read. Then select 
the correct answer, If you know It. If you do not know the 
correct answer, you may darken the space under answer #5. 

Let's look at this sample question: 

1. Which of the following planets Is farthest from the Sun? 

1. Earth 2. Mars 3. Saturn 4. Pluto 

Which Is the correct answer: Yes, Is the 

right answer, and so you would darken the space on your answer 
sheet under . 



If you wish to change an answer, erase the first mark 
carefully. Then make your new choice by darkening the space 
under the number of your new choice. 

As soon as everyone Is ready, we will begin. There are 
pages to this test. 

Are there any questions? 
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^ picture (above) shows what an atom may look like. Where is the 

greatest negative charge? 

1) at A 2) between A and C 3) B or C 4) between A and B 

I, In the picture above, what is the name of the object at "B”? 

1) proton 2) molecule 3) nucleus 4) electron 

3. In the picture above what is the name given to the rings around "A“? 

1) nucleus circuits 

2) electron paths 

3) molecule paths 

4) none of these answers 

4. In the picture above, where is the greatest positive charge? 

1) at A 2) at B 3) at C 4) at B or C 

5. In the picture above, what is the name of "A”? 

1) electron 2) molecule 3) nucleus 4) negative charge 
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If the pictures above show three atoms, which atom has a neutral charge? 

1)A 2)B 3)C 4) all have same neutral charge 

If the pictures above show three atoms, which atoms will repel one another? 

1) B and C 2) A and C 3) B and A 4) none repel 

In the picture of three atoms shown above, which atom has the greatest 
negative charge? 

1) A 2) B 3) C 4) all have same negative charge 

In the pictures above, which atom has the greatest positive charge? 

1) A 2) B 3) C 4) all have same positive charge 

If the pictures above show three atoms, which atoms will attract one another? 
1) B and C 2) A and C 3) B and A 4) all attract each other 
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11. In the picture above there are 3 rods and a balloon. Which object is 
negatively charged? 

1) the balloon 2) rod A 3) rod B 4) rod C 



12. In the picture above, which object is positively charged? 

1) the balloon 2) rod A 3) rod B 4) rod C 

13. In the picture above, which object will try to capture electrons? 

1) the balloon 2) rod A 3) rod B 4) rod C 



14. In the picture above, which of the rods will be attracted to the balloon? 
1) A and B 2) B and C 3) A and C 4) all of the rods 
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16. What if the conmon way to make static electricity? 

1) hy rubbing 

2) by electric motor 

3) by rain 

4) by electric light bulb 

i 

17. Where will static electricity usually be greatest? 

1) in the nucleus 

2) on the surface of a material 

3) inside the material ! 

4) on top of the nucleus t 

18. About how many atoms are contained in the box? 

1) about 100 2) about 1000 3) about 1 million 4) more than 1 millions 

I 

19. An electric motor can be operated by energy from: j, 

]| 

1) sunlight 2) waterfalls 3) burning candle 4) all of these || 

20. When electrons move along a wire, what is this called? 

1) closed current ! 

2) electric circuit 

3) electric current 

4) open circuit 

21. Which of the following best describes electricity? 

1) flowing atoms 

2) flowing nucleus 

3) flowing electrons 

4) flowing molecules I 

22. Which of the following is at the center of the atom? 

1) negative charge 2) nucleus 3) electron 4) molecule 



23. Which of the following may be made by using electrical energy? 

1) heat to cook food 

2) light for a room 

3) energy to move cars 

4) all three of these 
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D. electromagnet 






A. 



flashlight 

cell 




B. svfitch 



24. Consider the picture above. To make a closed circuit, where is a 
change needed (A,B,C,D)? 



1) A 2) B 3) C 4) D 



25^ Look at the picture above. Which of the items (A,B,C,D) is the . gource 
of electricity? 

1) A 2) B 3) C 4)D 



26. Look at the picture above. When the circuit is closed, which direction 
will the electricity move? 

1) from light bulb to magnet 

2) from flashlight cell to switch 

3) from flashlight cell to electromagnet 

4) from electromagnrt to flashlight cell 



27. Look at the picture above. If the circuit was closed what would be 
the beet name for this arrangement? 

1) parallel circuit 

2) light bulb circuit 

3) magnetic circuit 

4) series circuit 
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28. In the picture above, what is the name for this arrangement of 
wires, flashlight cell, and lanps? 



1) switch circuit 

2) series circuit 

3) parallel circuit 

4) open circuit 



29. Look at the picture above. Which of the following objects would usually 
have this arrangement of wiring? 

1) a house 

2) an auto 

3) Christmas tree lights 

4) all of these 



30. Look at the picture above. What is the name of the path fron> 
A to E to B and back to A again? 

1) switch circuit 

2) open circuit 

3) closed circuit 

4) atomic circuit 



(c) 
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31. What Is a chemical change? 

1) when two chemicale are mixed 

2) when something changes shape 

3) when something disappears 

4) when a new material is made 



32. Which of the following will strongly resist the flow of electricity? 

1) cotton 2) metal 3) silver 4) all of these 

33. What moves electrons through a conductor? 

1) pressure of excess atoms 

2) pressure of excess electrons 

3) pressure of excess energy 

4) loss of energy 



An electric cell or battery uses a chemical change to make: 

1) an excess of energy 

2) a loss of molecules 

3) an excess of electrons 

4) an excess of atoms 



35. Which of the following is needed for the heating part of most electric 
toasters? 

1) large current of electricity 

2) large wiring 

3) good conductor of electricity 

4) many atoms moving through wire 



36. Which of the following does not depend upon heat made by electricity? 

1) electric motor 

2) electric fuse 

3) electric coffee pot 

4) electric iron 



34. 






37. Which of the following is usually a good conductor of electricity? 
1) water 2) cotton 3) metal 4) wood 
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38. If the same amount of electricity flows through each of the wires above, 
which wire will be coldest (lowest temperature)? 

1) A 2) B 3) C 4) D 



} I 

39. If the same amount of electricity flows through each of the wires above, 
which wire will be the hottest (highest temperature)? 

1) A 2) B 3) C 4) D I 

40. If 4 wires' are as large as those shown above, which wire would probably be l 
used for a light bulb? 

1) A 2) B 3) C 4) D 
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41. 



In the drawing above, a copper wire coil is moved over the bar magnet. 
Which of the following happens? 

1) a magnetic field is made in the magnet 

2) electric current flows in the wire 

3) the magnet's N-pole becomes S-pole 

4) the magnet attracts the wire 





42, Look at the bar magnet above. At which place (A,B,C,D) is the 
magnetic field the strongest ? 

1) A 2) B 3) C 4) D 



43. Four flashlight cells are showh below» Which one shows cqrre^ly 

the path of electricity? 




44. Below are 4 dry cell batteries. Which one correctly shows the flow 
of an electric current? 
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45. What is the purpose of an electric generator? 

1) make A. C. electricity 

2) make D. C. electricity 

3) prevent A. C. electricity 

4) make both A. C. and D. C. electricity 



46. In which of the following is an electromagnet very important? 

1) in toasters 

2) in batteries 

3) in motors 

4) in electric lights 



47. When we talk about electricity, what is the meaning of D. C. ? 

1) electricity flows in one direction 

2) electricity flows back and forth 

3) electricity flows down circuit 

4) electricity flows in two directions 



48. When electricity flows through an insulated coil of wire, what else is 
needed to make a strong electromagnet? 

1) any metal 

2) iron rod 

3) any conductor 

4) any non-conductor 



49. What happens to an electromagnet when its current of electricity is 
stopped? 

1) the poles are reversed 

2) its force Increases 

3) its force ends 

4) its strength remains unchanged 

50. When we talk about electricity, what is the meaning of A. C. ? 

1) electricity flows in one direction 

2) electricity flows in two directions 

3) electricity flows across circuit 

4) electricity flows back and forth 
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PREFERRED ANSWERS TO QUESTIONS ON 
ELECTRICITY TEST 



Teat Item 


Preferred 

Answer 


Test Item 


Preferred 

Answer 
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INSTRUCTIONS FOR POST»imiT TEST ON HEAT 



In the folIo\ifing test you will be asked questions about heat. 
After each question there will be four answers. You are to choose 
the best answer and mark the number of that answer on your answer 
sheet. Do not make any marks on the booklet. Make all marks on 
the answer sheet. 

You are not expected to know all of the answers to these 
questions about heat. Don't feel bad if you don't know some 
of the correct answers. The purpose of this test is to find out 
how much boys and girls in the elementary schools know about 
heat after they have studied it in school. TO NOT GUESS WILDLY . 

If you do not know the answer to a question, skip over that 
question and go on to the next one. 

You will not know all of the words in the test. Your 
teacher will read the questions and possible answers with you. 

This is done to help you with some of the hard words. Wait 
until the questions and answers have been read. Then select 
the correct answer, if you know it. If you do not know the 
correct answer, you may darken the space under answer #5. 

Let's look at this sample question: 

1. Which of the following planets is farthest from the Sun? 

1. Earth 2. Mars 3. Saturn 4. Pluto 

Which is the correct answer: Yes, is the 

right answer, and so you would darken the space on your answer sheet 
under , 

If you wish to change an answer, erase the first mark 
carefully. Then make your new choice by darkening the space under 
the number of your new choice. 

As soon as everyone is ready, we will begin. There are 
pages to this test. 

Are there any questions? 
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1. The pictures above show what molecules may look like. Which is 
the best picture of molecules in a gas? 

1. A 2. B 3. C 4. D 

2. Which picture above shows how molecules may be in a solid? 

1. A 2. B 3. C 4. D 



3. Which pictures above show how molecules might be in a liquid ? 
1. A and B 2. B and C 3. A and C 4. A and D 



4. Look at the pictures above. If all molecules are removed, what 
happens to the temperature Inside the containers? 



1. 


There is no 


temperature 


2. 


Temperature 


doesn't change 


3. 


Temperature 


falls and then rises [ 


4. 


Temperature 


rises 



5. Where does most heat energy come from? 

1. equator 2. ocean 3, sun 4. machines 

I 

6. Which of the following words best explain the meaning of heat 
energy? 

1. Light changed to heat 

2. Motion of molecules 

3. Explosion 

4. Friction , 

i 



0 o 



7. Which o£ the follovilng will produce heat energy? 

1. Going down a slide 

2. Starting a car's motor 

3. A lighted lamp 

4. All of the above 



8. Which of the following would have the highest temperature? 

1. Flaming match 

2. Atlantic Ocean 

3. Exploding volcano 

4. Sun's surface 




9. Which of the following would have the most heat energy? 

1. Exploding volcano 

2. Jet airliner 

3. Atlantic Ocean 

4. Flaming match 



10. Which o^ the following is the highest temperature? 

1. 90°C 

2. 110°F 

3. Boiling water 

4. All have same temperature 



>1 
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11. The picture above shows a jar of water with ice cubes. What is 
the temperature of the ice water? 



1. 100°F 

2. 0°C 

3. 32°C 

4. 0°F 



12. If the jar in the picture above is heated, what happens first? 

1. Ice sinks 

2. Water boils 

3. Water changes to ice 

4. Ice melts 

13. If the jar is heated, what happens to the molecules of ice water? 

1. They slow down 

2. They lose energy 

3. They move faster 

4. They melt 

14. If all heat is taken away from the jar, what happens to the ice 
water? 

1. It changes to air 

2. Its temperature falls 

3. Its temperature rises 

4. It becomes a gas 
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In the figure above, the stick children are playing in the cold water 
from the hose. 



15. What happens when the cold water hits the children? 

1. Water gains heat 

2. Children lose heat 

3. Children are cooled 

4. All of the above happen 



16. What happens to the puddles of water in the sunlight? 

1. Puddles change to gas 

2. Puddles give heat to sun 

3. Puddles change to solid 

4. Puddles take gas from air 



17. Which of the following helps to form clouds? 

1. Sunshine 

2. Water from the hose 

3. Puddles of water evaporate 

4. All of the above help 



18. As the wet children run to the house, wh^ do they feel cold? 

1. Because wind is cool 

2. Because water evaporates frois bodies 

3. Because sun isn't very bright 

4. All of the above cause it 



19. In the picture above, where is most of the radiant energy coming 
from? i 

1. sun 2. children 3. house 4. chimney 
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20. What: happen! to the radiant energy ^«hlch earth receives from the sun? 

1. It changes Its form 

2. It no longer exists 

3. Most heat Is returned to sun 

4. The energy Is all used up 



21. Which of the following depends upon convection? 

1. Weather changes 

2. Wind 

3. House ventlllatlon 

4. All of the above 




ON 



i 



22. In the picture above, hot dogs are cooking In the pan. How do you 
know that a gas Is being formed? 

1. See gas forming 

2. Smell odor of hot dogs 

3. Hot dogs turn brown 

4. Hot dog gees bigger 



23. In the picture above, how do you know that a liquid Is being formed? 

1. See brown color of hot dogs 

2. Hot dog gets bigger 

3. See grease drip from hot dog 

4. Smell odor Of hot dogs 



24. Which of the following Is the result of heat convection? 

1. Seeing hot dog turn brown 

2. Smelling hot dogs 

3. Watching hot dog get bigger 

4. Burning finger on stove 
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25. Heat energy moves by 

1. Radiation 

2. Conduction 

3. Convection 

4. All of the above 








26. In the picture above, the pan of water is being heated on the stove. 
What is happening to the pan? 

1. It is not changed 

2. It is contracting 

3. It is expanding 

4. All of the above happen to pan 

27. To cook food quickly in the pan of water, the pan should be 

made of . 



1 . wood 



2. metal 



3. paper 



4. asbef^tos 



28. In the picture above, what happens to the air above the pan 
of water? 

1. It is forced upward 

2. It contracts 

3. It is pulled down into the water 

4. It changes* to a liquid 



29. In the picture above, which of the following would be most useful 
for the handle of the pan? 



1. aluminum 



2. wood 



3. steel 



4. copper 




30. Which of the following are poor conductors of heat? 

1. Paper and iron 

2. Air and water 

3. Steel and copper 

4. All of the above are poor conductors 
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31. In the picture above, the door of the refrigerator has just 

been opened. In which direction does most of the heat travel? 

1. From milk to ice 

2. From ice to milk 

3. From room into refrigerator 

4. From refrigerator into the room 



32. In the picture above, what happens to cold air in the refrigerator? 

1. It falls out onto the floor 

2. It stays inside refrigerator 

3. It rises to top of refrigerator 

4. It mixes equally with warm air 



33. Which of the following would be a good Insulator for the refrigerator? 

1. Glass 

2. Air 

3. Paper 

4. All of the above 

34. If an insulator was used in the refrigerator, what is its 
purpose? 

1. Keep heat from entering refrigerator 

2. Keep cold fvom entering refrigerator 

3. Force heat into refrigerator 

4. Force heat out of the refrigerator 
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35. 



In the 
expect 



thermometer shown above, which temperature would you 
to find for a glass of ice water? 



1. A 



2. B 



3. C 4. D 



36 In the thermometer shown above, which temperature would you 
expect to find for a healthy boy or girl? 

1 A 2. B 3. C 4. D 



37. In the thermometer shown above, which temperature would you 
expect to find for boiling water? 

1. A 2. B 3. C 4. D 
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In the picture above, a child has blown up a balloon in the 
warn house and carried it outside to place on the snowman. 
What will happen to the balloon? 

1. It gets bigger 

2. It changes color 

3. It becomes smaller 

4. It remains the same 

In the picture above, what happens to the air inside the 
snowman's balloon? 

1. Molecules move faster 

2. Molecules gain heat energy 

3. Molecules get bigger 

4. Molecules lose heat energy 

In the picture above, what causes the snowman to melt? 

1. Heat from sun's rays 

2. Sun sends warm air 

3. Heat conducted from house 

4. Convection from the sun 

In the picture above, which of the following will have the 
highest temperature? 

1. Water from melting snow 

2. Small ball of snow 

3. Air around snowman 

4 . Snowman ' s hat 
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42. In the pictures above, the containers are the same size. 
Compare the weights of the three containers. 

1. A weighs most 

2. B weighs most 

3. C weighs most 

4. All weigh the same 

43, In the pictures above, compare the number of molecules in 
each container. 

1. A has most molecules 

2. B has most molecules 

3. C has most molecules 

4. Same number of molecules in each container 



44. In the pictures above, compare the energy of a single 
molecule in each container. 




1. Molecule in A has most energy 

2. Molecule in B has most energy 

3. Molecule in C has most energy 

4. All molecules have same amount of energy 

45. Which of the following is the best example of heat conduction? 

1. Electric light bulb 

2. Smoke rising from chimney 

3. Burn finger touching match 

4. Sun sending heat to earth 
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46. Which of the following is the best example of convecti on? 

1. Mercury rising in thermometer 

2. Sun sending heat to earth 

3. Burn finger touching match 

4. Heating inside of home 






► 

i 







: I 





P 



47. Which of the following is a good example of radiation ? 

1. Sun sending heat to earth 

2. Burn finger touching match 

3. Smoke rising from chimney 

4. All of the above 



48. What causes ice to float on water? 

1. It adds heat to the water 

2. Its molecules are lighter than water 

3. It expands upon freezing 

4. It weighs more than water 

49. Which of the following materials can give off radiant energy? 

1. People 

2. Light bulbs 

3. Cars 

4. All of these 



50. What causes the red material in thermometers to go up? 

1. Adding heat 

2. It contracts 

3. Removing heat 

4. It's a gas 
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Table 218 PREFERRED ANSWERS TO QUESTIONS ON 

HEAT TEST 



Preferred 

Test Item Answer 


Preferred 

Test Item Answer 


1 2 


26 % 


2 3 

3 4 

4 1 


27 2 

28 1 

29 2 


5 3 

6 2 

7 4 


30 2 

31 3 

32 ^ . .1 


8 4 

9 3 

10 3 

11 2 

12 4 

13 3 


33..., 4 

34 ..1 

35 4 

36 2 

37 1 

38 3 


14 2 

15 4 

16 1 


39 4 

40 1 

41 4 


17 4 

18 2 

19 1 

20 1 

21 4 


42 2 

43 2 

44 3 

45 3 

46 4 


22 2 

23 3 


47 1 

48 3 


24 2 

25 4 


49 4 

30 1 






Appendix K-1 

SAMPLE OF QUESTIONNAIRE MAILED TO 
TEACHERS AFTER EACH UNIT WAS TAUGHT 



1 . Teacher ' s Name 



2. On what date did instruction begin? 

3. On what date did Instruction end? 



, 1966. 
, 1966. 



4. please list the names of any pupils who missed more than three 
days of your instruction. 



5. How many days per week (approximately) was the unit taught? 

days /week. 

6. How much time (approximately) was used for each day of instruc* 

tlon? m in/ day. 

7. Questions regarding plan of instruction; 

a) Which teaching procedure did you tend to follow? 

Mostly Lecture 



Mostly Teacher Demonstration 



Mostly Teacher & Pupil Demonstration 

Mostly Pupil Activities 

Other 



b) What were strong points of unit plan? 



c) What were weak points of unit plan? 



d) Did children make projects outside of school? 



8. Did any unusual events occur which may have affected pupils' 
favorably or unfavorably? 



f' 
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9. To your knowledge, were there any pupils in your class who had 
physical handicaps or emotional problems which seriously interferred 
with their participation In the tasting or regular class activities? 
If you know of such pupils, please write the names here. 
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